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ABSTRACT 
In this study, 25 subjects with Cervical Spondylotic Myelopathy, 
including the Ossification of Posterior Longitudinal Ligament, were referred by 
the Medical Officer of the Prince of Wales Hospital and have undergone a series 
of evaluation. The subjects have been assessed physically, neurophysiologically 
and functionally. 
The physical structure of the cervical spinal cord was assessed by the 
Magnetic Resonance Imaging (MRI) while the physiological functioning was 
tested by the Somatosensory Evoked Potential (SEP) of the median nerve. The 
Purdue Pegboard Test (PPT) and the Jebsen Hand Function Test (JHFT) were 
used to evaluate the functional capability of the subjects. 
There were 8 subjects who regarded as the severe Cervical Myelopathy 
Patients. The sagittal diameter, transverse diameter and transverse area of the 
most stenotic cervical spinal cord of have been measured by the digitized image 
analyzer. Among the severe cases, the mean sagittal diameter of the spinal cord 
was found to be 3.22mm. The mean transverse diameter was 12.41mm and the 
mean of the transverse area of the cord was 49.18 sq. mm. 
li 
The resulted cord dimensions were compared with the normal values 
and they were proven to be outside the normal range. Among them, the antero-
posterior dimension, the sagittal diameter, was demonstrated to have the 
greatest effect on the spinal cord function. 
The SEP of the median nerve was tested separately for the left and right 
hand side. The mean of the absolute latency received by the left sensory cortex 
of the brain was found to be 21.50 msec and the standard deviation was 
3.03insec. Whereas that received by the right sensory cortex was found to be 
21.46 msec with the standard deviation at 2.97insec. The absolute latencies were 
then compared with the normal value and no significant difference was found. 
Among the 8 severe cases, the mean of the absolute latency received by the left 
sensory cortex of the brain was found to be 24.66insec and the standard 
deviation was 3.13msec. Whereas that received by the right sensory cortex was 
found to be 24.69msec with the standard deviation at 2.94msec. 
iii 
Both the physical and physiological findings of the most stenotic 
cervical spinal cord are then compared with the hand function in the JHFT and 
the PPT. It was found that the sagittal diameter of the cord have significant 
relationship with both the absolute latency of the Jebsen Hand Function Test 
sub-test 4，the Simulated Feeding Test, of the Right hand. While the Left hand 
result of this sub-test 4 was related significantly with the transverse diameter of 
the spinal cord. The transverse area of the cord was highly related with the 
absolute latencies over both sides of the Somatosensory cortex of the brain; 
moderately high relationship was also found between this transverse area and 
the Jebsen Hand Function Test sub-test 7, the Heavy Large Object Picking Test, 
of the Right hand. 
The present study showed that the sagittal diameter and the transverse 
area of the most stenotic cervical spinal cord in severe Cervical Myelopathy 
subjects were fundamental and possessed a very significant effect on both the 
transmission of the Somatosensory Evoked Potential in the cervical spinal cord 




髓型頸椎病(Cervical Spondylotic Myelopathy)或頸椎後縱®]帶骨化症 
(Ossification of the Posterior Longitudinal L i g a m e n t ) 病人到行連串之 
測試。測試系列包括身體物質性評估(Physical Eva lua t ion )�生理性評估 
(Physiological Evaluation)以及功能性評估(Functional Evaluation)� 
此硏究利用了核磁共振成像(Magnetic Resonance Imaging — M R I )來 
mmmmmm，而正中神經及頸部脊髓傳遞訊息之?則由體感纖 
電位(Somatosensory Evoked Potential丨�SEP)作測|规介。手部^^§是頸部 
脊髓受壓的主要表現之一，所以利用Jebsen Hand Function Test ( JHFT)和 







在體感—電位評估中，層感覺區之潛伏期爲21.50 士 3.03毫秒， 
而右邊之潛伏期爲21.46 土 2.97毫秒。將這硏究結果與正常潛伏期比較時， 
分別並不明顯°但在嚴電患者中，左邊皮層感覺區之潛伏期爲24.66 土 3.13毫 
秒，丨M f邊之潛伏期则爲24.69 ± 2.94毫秒。 
當身體物質性結果、生理性結果和i^g性結果三者比較之下，脊髓矢徑、 
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Chapter 1 - Introduction  
Chapter One 
Introduction 
1.1. The Cervical Spine 
1.1.1. Anatomy of Typical Cervical Vertebrae 
The cervical region has 7 cervical vertebrae Q to C7 as shown in figure 
1.1.. Those below the third, fourth, fifth and sixth vertebrae have identical 
anatomical features and regard as the typical cervical vertebrae. A typical 
vertebra has three main parts: the body, the vertebral (neural) arch, the 
vertebral processes and the foramina. 
Dens (odontoid process) 






Spinous process of C7 、“ 
Figure 1.1 Cervical Region of the Spinal Column (Jeffreys, 1980) 
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1.1.1.1. The Vertebral Body 
The body of the cervical vertebra is almost cylindrical in shape that forms 
the major supportive portion of the vertebra (Ernest W. April, 1997). For a 
human body to maintain a neutral (upright) posture, then each subsequent body 
must support a greater portion of the mass of an individual. Therefore, the 
vertebral bodies increase in bulk towards the thoracic region to support the 
structures above (Scott D. Boden et.al” 1991). 
Besides of the atlas and axis, the cervical spine has the Amphiarthroses 
between the bodies and the Diarthroses between the superior and inferior 
articular processes. The bodies of most vertebrae articulate with the superjacent 
and subjacent bodies through the intervertebral disks that form the symphyses. 
The superior and inferior articular processes of most vertebrae articulate with 
the superjacent and subjacent vertebrae by synovial joints. 
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1.1.1.2. The Vertebral (Neural�Arch 
The vertebral arch consists of the pedicles and laminae that form the 
posterior portion of the vertebrae. The pedicles arise posterolaterally from the 
vertebral body that support the laminae and fused in the midline to form the roof 





^ ^ ^ ^ ^ ^ ^ ^ ^ ^ superior 
Transverse ^ ^ \ ^ ^ 外 J foramen 
process \ ^ ^ 一 
C 她 丨 Body 
process 】 
Figure 1.2 Anatomy of the Cervical Vertebra (Martini 1995) 
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1.1.1.4. The Foramina 
The posterior surface of the body and the posterior arch form the 
vertebral foramen and successive vertebral foramina form the vertebral canal 
that contain of the spinal cord and nerve roots with the associated meningeal 
coverings as well as vessels embedded in adipose tissue. 
The intevertebral foramina locate bilaterally between adjacent vertebrae 
and used to transmit the spinal nerves in exiting the vertebral canal. These 
foramina also transmit the intervertebral arteries that supply the nerve roots 
and the spinal cord. 
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1.1.2. Anatomy of Atypical Cervical Vertebrae 
The atlas is the first vertebra. The proximal part of the odontoid process, 
which extends from the second vertebra, fills the particular space as shown in 
figure 1.3.. The atlas possesses an anterior and posterior arch with superior and 
inferior articular surfaces. The atlas articulates superiorly with the occiput to 
form the atlantooccipital joint which functions in flexion and extension of the 
neck (±15°), e.g. nodding of the head (Scott D. Boden, 1991). The atlas articulates 
with the second vertebra, the axis, through the flat and broad inferior articular 
facets. 
i 
A他s Superior articular 
Axis Dens 
； f \ — — P e d i c l e 
Figure 1.3 Anatomy of the Atlas and Axis (April 1997) 
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The axis is the second cervical vertebra and characterizes by the 
projection of the odontoid process and the long massive bifid spinous process. 
The odontoid process develops from the embryological body of the atlas and 
eventually fused with the axis. The atlas and axis join at the atlantoaxial joint, 
without intevertabral disk in between, that account for the extensive range of 
rotation (±45。）(Jeffreys E.,1980). In the inferior aspect of the axis, a 
intervertebral disk appears for the amphiarthroses with the third vertebra; and 
from this level downwards in the cervical region, intervertebral disks occur 
between every vertebra. 
The seventh vertebra characterized by the large and unbifurcated spinous 
process, otherwise having a similar anatomy and function with the typical 
cervical vertebra. 
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1.1.3. The Cervical Region of Spinal Cord 
1.1.3.1. Structure of the Spinal Cord 
The spinal cord is an extension of the brain and a component of the 
central nervous system. This cylindrical cord enveloped by three layers: the 
dura mater, the arachnoid mater and the pia mater; begins superiorly at the 
foramen magnum in the skull, where it is continuous with the medulla oblongata 
of the brain and terminates inferiorly at the level of the first lumbar vertebra. 
The spinal cord connects with the skeletal muscles of the limbs and trunk and to 
the sensory receptor in skin and muscle by the spinal nerves that emerge from 
the vertebral column between individual vertebrae (Eric R. Kandel, 1985). The 
cervical region gives rise to the brachial plexus and 8 pairs of spinal nerves are 
attached by the anterior (motor) roots and the posterior (sensory) roots. Each 
posterior nerve root has a posterior root ganglion and the cells of which give rise 
to the peripheral and central nerve fibers. 
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Posterior gray Posterior Central Posterior 
commissure median sulcus canal gray horn 
Anterior gray ‘ Anterior Pia Anterior gray 
^ ^ commissure median fissure mater horn ^ ^ H ^ ^ H ^ B f t 
Ventral Dorsal root 
root ganglion 
Figure 1.4 Cross Section of the Spinal Cord (Martini. 1995) 
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1.1.3.1.1. Gray Mater 
The spinal cord is bilaterally symmetrical and divide into the gray mater 
and the white mater. The gray mater locates centrally with a butterfly shape in 
transverse section. The gray mater divides into a pair of dorsal and ventral 
horns on each side which duster into groups, called nuclei, that share similar 
functional properties. The dorsal horn contains sensory nuclei for the 
transmission of somatosensory information into the spinal cord. The ventral 
horn contains motor nuclei which give rise to the axons that innervate the 
skeletal muscles. The interneurons transmit the information from the dorsal 
nuclei to the motor neurons or from one group of motor neurons to another. 
1.1.3.1.2. White Mater 
The white mater of the spinal cord locates peripherally and surround the 
gray mater. Whit mater contains large numbers of myelinated fibers, the axons. 
Each symmetrical half is divided into three longitudinally running bundles called 
the dorsal, lateral and ventral columns. The dorsal columns contain afferent 
axons carrying somatosensory information to the brain stem. Whereas the 
lateral and ventral contain the ascending axons to higher levels and the 
descending axons from the brain to the gray mater of the spinal cord. 
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1.1.4. The Crucial Ascending Tracts in the White Column 
1.1.4.1. Tracts in Dorsal (Posterior) Column 
The Fasciculus Gracilis and Cuneatus (figure 1.5) are the two main 
ascending tracts which convey the information of proprioceptive sensibility, 
vibration sense and tactile discrimination. 
Fasciculus gracilis Fasciculus cuneatus 
1 / Posterolateral tract 
/ / / 
/ / 
/ Intersegmental tracts 
Lateral corticospinal tract ^ ^ B ^ ^ ^ B j ^ p ^ ^ ^ 
、？％ 
R u b — # ^ ^ S Anterior 
Sp—arv � 
Olivospinal tract ^ ^ i \ \ \ Spinotectal tract 
„ ., , . ’, \ \ Anterior spinothalamic tract 
Vesnbulospmal tract \ \、 
Tectospinal tract ^Anterior corticospinal tract 
Figure 1.5 Location of the important tracts in the spinal cord (SnelLIQSO) 
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1.1.4.2. Tracts in the Lateral Column 
1.1.4.2.1. Posterior Spinocerebellar Tract 
The fibers situated at the periphery of the lateral white column as shown 
in figure 1.5 which conveys the proprioceptive information and additional 
contributions from touch and pressure receptors. This information enable the 
control of the voluntary movement by the cerebellum. 
1.1.4.2.2. Anterior Spinocerebellar Tract 
The fibers lies anterior to the posterior spinocerebellar tract and function 
as the posterior spinocerebellar tract mentioned in 1.1.4.2.1. 
1.1.4.2.3. Lateral Spinothalamic Tract 
The tract lies medially to the anterior spinocerebellar tract in the lateral 
white column and conveys information of the pain and temperature sensibility. 
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1.1.4.2.4. Postero-lateral Tract of Lissauer 
The tract locates between the dorsal horn of the gray mater and the 
surface of the spinal cord. The lateral part fibers of the posterior roots makes up 
this tract which divides into the ascending and descending branches for 
conveying the information of pain and temperature sensibility. 
1.1.4.2.5. Spino-olivary Tract 
The tract situates at the junction of the ventral and lateral white column 
which convey the information of the cutaneous and proprioceptive organs. 
1.1.4.3. Tracts in the Ventral (Anterior) Column 
The ventral column mainly occupies by the descending tract and the only 
tract in this column is the anterior spinothalamic tract. This tract lies in front of 
the ventral horn of the gray mater and medial to the anterior nerve roots which 
convey the tactile and pressure sensibilities. 
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1.1.5. The Main Descending Tracts of White Column 
1.1.5.1. Tracts in the Dorsal Column 
As the dorsal column is occupied by the Fasciculus gracilis and cuneatus, 
therefore there is no significant descending tract in this column. 
1.1.5.2. Tracts in the Lateral Column 
1.1.5.2.1. Lateral Corticospinal Tract 
The tract lies anterior to the dorsal horn of the gray mater and medial to 
the Posterior Spinocerebellar tract. The lateral corticospinal tract is a very 
important motor pathway for the voluntary movement especially for the distal 
muscles of the extremities. 
1.1.5.2.2. Rubrospinal Tract 
The tract situates anterior to the lateral corticospinal tract and convey 
the impulse of the distal muscular activity. (Eric R. Kandel, 1985) 
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1.1.5.3. Tracts in Ventral Column 
1.1.5.3.1. Anterior Corticospinal Tract 
The tract lies along the side of the anterior median fissure which serves as 
an important motor pathway for voluntary movement of the proximal muscles. 
1.1.5.3.2. Vestibulospinal tract and Reticulospinal tract 
It is the Extrapyramidal Pathways which locates at the periphery of the 
ventral white column which convey information concerning the equilibratory 
control of the anterior gray horn cells and therefore is associated with the control 
of the muscle tone as well as the visceral sympathetic function. 
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1.2. The Cervical Spinal Nerve Roots 
In cervical region of the spinal cord, extensions from the spinal cord 
which join with peripheral structures were called the spinal nerve root. There 
are 8 pairs of spinal nerve roots lying in the cervical region. Every nerve root is 
formed by rootlets which are the nerve fibers emerge from the spinal cord in a 
paired, uninterrupted series of dorsal (sensory, afferent) and ventral (motor, 
efferent) rootlets. 
1.2.1. The Dorsal Roots 
The Dorsal Roots is an afferent sensory roots which conveys input from 
the sensory receptors in the body through the spinal nerve to the spinal cord. 
Every individual dorsal root supplies the sensory innervation of the skin known 
as a "Dermatome" (Ernest W. April, 1997). With different dorsal root 
innervations, dermatomal chart is then be mapped (Richard S. Snell, 1980) as 
shown in figure 1.6. 
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Figure 1.6 PermatomalM叩 af1helTmnanBody(4ira J997) 
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1.2.2. The Ventral Root 
The Ventral Roots is an efferent motor roots which conveys output from 
the spinal cord to effectors, such as voluntary muscles. The fibers of the ventral 
root of each spinal nerve supplies specific motor innervations to specific groups 
of voluntary muscles known as "myotomes" (Figure 1.7) 
ventral J xis lines ^ ^ 
Flexion 
Figure 1.7 Myotomes of the Human Body (April 1997) 
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1.2.3. The Relation between the Afferent and Efferent Nerve Roots 
Kandel (1985) said that the afferent and efferent nerve roots are working 
in a contiguous manner. Somatic afferent neurons with the cell bodies in the 
dorsal root ganglion convey sensory information from the periphery via the 
central gray area spinal cord to the sensory cortex of the brain. Then the output 
information, generates in the upper motor neurons, is passed through the central 
gray area of the spinal cord to the motor neurons. The efferent neurons with cell 
bodies in the ventral horn of the spinal cord pass along the spinal nerves to the 
contact effector organs. The process is shown in Figure 1.8. 
Damaged peripheral nerve will cause the sensory input deficiency and the 
motor deficit will be secondary to the sensory deficit. If the damage is over the 
spinal cord, then it will affect both the sensory input and motor output 
mechanism in that particular affected area. The spinal cord damage will cause a 
definite deficits over the area innervated by that particular spinal level. 
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Figure 1.8 The Functional Process of the Afferent and Efferent Nerve Roots (Martini. 1995) 
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1.3. Cervical Myelopathy 
1.3.1. Cause of Cervical Spondylotic Myelopathy 
As described by Scott D. Boden in 1991, “Cervical Myelopathy" is caused 
by the progressive degenerative process of the structures in the cervical spine. 
Person with developmental cervical stenosis is predisposed to myelopathy at a 
younger age. 
Cervical Myelopathy caused by degenerative changes was called the 
Cervical Spondylotic Myelopathy (CSM) which may induce by the hypertrophy 
of the lamina, facets, ligamentum flavum and dura; redundant annulus fibrosus, 
compression of radicular vessels by foraminal osteophytes, spinal cord 
compression by vertebral osteophytes, tethering of the spinal cord by dentate 
ligaments and ossification of the ligamentum flavum or posterior longitudinal 
ligament. Reduction of the functional volume of the spinal canal may result in 
direct compression and can cause intrinsic or extrinsic ischaemia, then decrease 
of the antero-posterior diameter maybe induced (Scott D. Boden, 1991). The 
irreversibility of the local ischaemia is determined by disturbance in the blood 
supply from the systemic circulation through narrowing of vertebral and 
radicular arteries by arteriosclerosis and external pressures. 
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Ulrich Batzdorf (1991) stated that the Cervical Spondylotic Myelopathy 
was resulted from spinal cord compression, focal or extending over several 
segments, with osteophytes or a combination of osteophytes and degenerative 
disc constituting the compressive material. The development and severity of the 
myelopathy was depending on the interaction of the following three factors: (a) 
degree of the cord compression; (b) the period of time over which the 
compressive changes have been taken place; and (c) the constancy or 
intermittency of the compressive force. Relatively constant compression seems to 
be better tolerated by the spinal cord than frequent repetitive compressive forces 
with a dynamic component. He has claimed that the cause of the cervical 
myelopathy is due to both the mechanical and vascular components. 
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1.3.2. Clinical Symptoms of Cervical Myelopathy 
Scott D. Boden (1991) described that the usual presentation of Cervical 
Spondylotic Myelopathy is that of painless gradual loss of control of the lower 
extremities, ultimately resulting in spastic paraparesis with long tract signs and 
spastic bladder dysfunction. The upper limbs always being affected and result 
with associated weakness and atrophy. 
Sato had described in 1989, the clinical symptoms are usually bilateral 
and begin initially in the lower limbs with dragging of the feet and numbness. 
Symptoms and signs in the upper limbs are usually caused by a mixture of 
myelopathy and radiculopathy including hyper-reflexia accompanied with 
weakness and wasting. 
Clumsiness of the hand due to poor motor coordination is one of the most 
common complaint in patient with Cervical Myelopathy. The clumsy hand 
presents with impaired grip as well as slow, unskilled hand and finger 
movements (Keiro Ono et al.，1987). Therefore, the hand function performance 
is included in the scoring system of Cervical Myelopathy developed by the 
Japanese Orthopaedic Association called the "JOA Score". 
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In Rhonda R. Voskuhl's study in 1990 and David C. Good et al. study in 
1991，they claim that the upper limbs sensation is affected by the cervical cord 
compression and predominantly affects the “Joint Position Sense" and the 
"Vibration Sense"; deficit in such sensation was mainly due to the Posterior 
Column Involvement. In 1986, J. D. England found that not only the sensory 
dysfunction but also the motor dysfunction over the upper extremities maybe the 
predominant or initial symptoms in patients with lesions in the cervical spinal 
cord or at the foramen magnum. 
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1.4. Hypothesis 
Cervical Spondylotic Myelopathy will result with the sensory and motor 
deficits, which includes the coordination problems in the upper limbs. Ulrich 
(1991) has stated that the degree of compression is one of the main factor in 
determining the severity of the myelopathy but will it affect the sensory and 
motor function as well as the motor coordination of upper limb? 
As the location of the cord compression whether over the Anterior or 
Posterior Column will define myelopathic symptoms. The compression over the 
Posterior Column will cause sensory deficit while the Anterior Column 
involvement will result with motor and coordination deficit. With such 
deficiency, the performance of both the upper and lower extremities will be 
significantly be affected. 
Although the effect of the cord compression on the “Hand Function" was 
described in various studies (Keiro Ono, 1987; Ulrich Batzdorf, 1991; S. 
Kokubun, 1999), but there was no researcher studied about the effect of the cord 
compression on the sensory and hand functional deficits therefore their 
relationship is not clearly defined. This study was aimed at finding out the 
relationship between the degree of the cervical spinal cord compression, sensory 
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deficit as well as the hand function. With the exploration in the inter-
relationship of these parameters, it is expected to predict the degree of the 
cervical cord compression by the hand function performance as well as the 
sensory deficit of the upper extremities. 
In this study, the "Cord dimensions" is hypothesized to have a close 
relationship with the "Sensory Function", "Functional Performance in the 
Activities of Daily Living" and "Hand Function". 
With the more advance technology, the cord dimension could be 
measured accurately by the Magnetic Resonance Imaging (MRI). While in 
assessing the neurological and functional performance, well-standardized test 
with norm will be used to ensure the setup to be valid and reliable. 
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Chapter Two 
Methodology 
2.1. Inclusive Criteria of the Study 
The subjects were recruited from the Li Ka Shing Specialist Out-patient 
Clinic of the Department of Orthopaedic and Traumatology Department, the 
Prince of Wales Hospital. The selection criteria of the subjects were sent to the 
clinic in-charge and were attached in every consultation room to ensure 
appropriate subjects selection. 
The subjects were all above 18 years old and there was no specific 
criterion in sex and occupational title. All subjects had at least one year history 
of Cervical Spondylotic Myelopathy (CSM) or Ossification of Posterior 
Longitudinal Ligament (OPLL) at the level below the third cervical vertebral 
body. Patients who had myelopathic hand symptoms and radiological sign of 
cervical cord compression were included in this study but neither of radicular 
symptoms nor peripheral neuropathy nor any other pathology which affects the 
sensory and musculoskeletal system should be present. 
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The Myelopathic hand sign included the ‘‘Paraesthesia in the fingers", 
‘‘Sense of clumsiness of the hands，，and “Tightness of the upper extremities" 
(Ulrich Batzdorf, 1991; S. Kokubun, 1998; T. Sato, 1998). Diminished “10-
second Test" was an obvious sign in more advanced myelopathic subjects (Keiro 
Ono, 1987). Ono claimed that difficult, slow and incomplete finger extension, 
failure of synergy between the wrist and fingers and less than20 cycles of “grip 
and release，，were the typical and critical symptoms in Cervical Myelopathy. 
Cervical Myelopathic Subjects usually had a high intensity area over the 
most intensely stenosed portion of the spinal cord (Kazunori Yone, 1992). Those 
with such signal changes in addition to any one of the myelopathic hand signs 
were recruited in this study. 
The recruited subjects were arranged to take the Magnetic Resonance 
Imaging (MRI) in the Department of Diagnostic Radiology and Organ Imaging 
of the Prince of Wales Hospital (PWH). Somatosensory Evoked Potential (SEP), 
JOA Scoring, Jebsen Hand Function Test (JHFT) and Purdue Pegboard Test 
(PPT) were done in the Orthopaedic Research Laboratory of the Chinese 
University of Hong Kong in the Prince of Wales Hospital. 
28 
Chapter 2 — Methodology  
2.2. Magnetic Resonance Imaging of the Cervical Spine 
2.2.1. The Setup of the MRI 
The Magnetic Resonance Imaging of the cervical spine was performed 
with a synergy spine coil system in a 1.5-T Magnetic Resonance imager 
(Gyroscan ACS NT, Philips Medical Systems, Best, Netherlands). Sets of 
sagittal and axial Turbo Spin-echo T2-weighed (T2W/TSE*) were taken with the 
subjects lying supine on the coil with field of view (FOV) 220mni and 256 x 256 
matrix. The MRI were then taken at slice thickness of 3mm and spin-echo (SE) 
sequence used was at 3,000 milliseconds and time to echo (TE) was at 130 
milliseconds. 
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2.2.2. Subject Preparation 
The subject was positioned in supine on a non-magnetic trolley with a 
knee cushion to minimize the lumber lordosis and the amount of motion due to 
breathing in the cervical spine. Subject was told to take off all the objects which 
affected the magnetic field, such as: watches, jewelry, hairpins, denture, 
buckles, medallion, safety pins, money, keys, lighters, arch supports, spectacles, 
hearing aids, prostheses, bra, clothing with zips and/or metal buttons, credit 
cards, wigs and hair pieces. Subjects were advised not to use make-up when 
taking the MRI since some types of make-up and mascara would cause artifacts. 
2.2.3. Identification of the Most Stenotic Cervical Spinal Cord 
According to Kensei Nagata et.al, 1990 and Yuji Okada et.al,1993, they 
used the sagittal diameter obtained from the mid-sagittal cut in identifying the 
maximal compressed level of the cervical spinal cord in Cervical Myelopathy 
patients. With the same method, the most stenotic level of the subject was 
identified in the sagittal cut of the normal conductance T2-weighted image that 
was shown clearly in figure 2.1. 
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2.2.4.Measurement of the Most Stenotic Cervical Spinal Cord and Canal 
The GEMED DiagnostiX-32 Version 2.1.0.1 digitized image analyzer was 
used to measure the dimensions in metric scale of both the spinal cord and canal 
in T2-weighted images. 
H w I b 
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Figure 2.1 Identify the Most Stenotic Spinal Level in the T2-weighed Sagittal View 
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2.2.4.1. Dimensions of the Spinal Cord and Canal in Mid-Sagittal Plane 
In the sagittal plane, the sagittal diameter of the spinal cord and spinal 
canal were measured in the axial images at the most stenotic level that was 
identified in the sagittal MRI. The sagittal diameter of the most stenotic spinal 
cord was defined as the narrowest distance between the most posterior point of 
the dura matter and the most anterior point of the dura matter at the 
compression site as shown in figure 2.2. The sagittal diameter of the vertebral 
(spinal) canal can be described as the distance between the most posterior 
border of the vertebral body and the interior border of the vertebral arch as 
shown in figure 2.3. 
2.2.4.2. Dimension of the Spinal Cord and Canal in Axial Plane 
In the coronal plane, the transverse diameter of the spinal cord and canal 
were measured. The distance between the most lateral border of each side of the 
spinal cord was defined as the transverse diameter of the spinal cord as shown in 
figure 2.4; whereas the transverse diameter of the spinal canal is defined as the 
distance between the innermost borders of bilateral pedicles (figure 2.5). 
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Figure 2.2 The Sagittal Diameter of the most stenotic spinal cord (Cordsd) 
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Figure 2.3 The Sagittal Diameter of the most stenotic spinal canal (Canalsd) 
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Figure 2.4 The Transverse Diameter of the most stenotic spinal cord (Cordtd) 
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Figure 2.5 The Transverse Diameter of the most stenotic spinal canal (Canaltd) 
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2.2.4.3. Dimension in the Spinal Cord and Canal in Horizontal Plane 
In the horizontal plane, the transverse area was measured. The transverse 
area of the cord was defined as the total cross sectional area of the irregularly 
compressed spinal cord (figure 2.6); while the cross sectional area of the spinal 
canal was defined as the transverse area of it (figure 2.7). Although the 
irregularity shape of the cord and canal, but the digitized image analyzer could 
define the boundaries by fine dots. By connecting the dots at the outer borders, 
then the area of the spinal cord and canal could be confined within the dotted 
boundaries for measurement. 
2.2.4.4. Compression Ratio of the Sagittal and Coronal Dimensions 
The compression ratio of the spinal cord and the spinal canal were 
calculated by comparing the sagittal and transverse diameters of each structure 
(Yuji Okada et al., 1993). The conversion equation was shown below: 
Sagittal Diameter 
Compression Ratio = X 100% 
Transverse Diameter 
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Figure 2.6 The Transverse Area of the most stenotic spinal cord (Cordta) 
Figure 2.7 The Transverse Area of the most stenotic spinal canal (Cannhn) 
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2.2.5. Somatosensory Evoked Potential (SEP) Evaluation 
The SEPs were assessed by the Nicolet Viking IV Electrodiagnostic 
monitoring system (Nicolet Biomedical Instruments, Madison, WI, USA) 
supported by the Master Software V4.3 was used to elicit and record the SEP. 
All subjects underwent bilateral SEP monitoring. The assessment procedure 
followed the recommendation from the Manual of the Nicolet Viking IV，the 
guidelines published by the American Electroencephalographic Society in 1992 
and the methodology by Keith H. Chiappa in 1989. 
2.2.5.1. Choice of Stimulation 
Electrical stimulus was chosen in this clinical neurological investigation of 
the sensory system. Electrical stimulus was the most easily controlled and 
measured type of stimulation which produce potentials of the greatest amplitude 
and clarity. The peak-to-peak amplitude of the stimulus was set between 5 jjV to 
50 mV and the frequency was set at 5.1 Hz (William C. Envin, 1992). The 
stimulus intensity was within the range of 10 mA to 15 mA but the tolerance of 
the subjects would be different from each other. This intensity was varied 
according to the amount of motor activity, the muscle twitch, produced in 
muscles controlled by the nerve and the subjects' appreciation of the stimulus 
intensity (Keith H. Chiappa, 1985). 
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The unilateral, electrical, square-wave and constant current impulse of 
duration at 0.2ms were delivered through a bipolar bar stimulator to the median 
nerve at the wrist at a rate of twice every second. Stimulus intensity was 
increased until the occurrence of a moderate thumb twitch of the side of 
stimulation (Yu Y.L. et.al，1988). 
The median nerve stimulation was standardized with the cathode placed 
between the tendons of the palmaris longus and flexor carpi radialis muscles; 
approximately 2 cm proximal to the mid-point of the wrist crease anode was 
then placed 2.3 cm distal to the cathode. A “stick-on，，EKG type ground 
electrode was placed at the forehead as the earth channel. 
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2.2.5.2. Reception of Signals 
The SEPs were recorded with the sliver-plated (Ag/AgCl) disc electrodes 
fixed over the Erb's point (EP), the reference electrode at FZ and the parietal 
scalp contralateral to the unilateral electrical stimulus (Cv7) as shown in figure 
2.8. During the recording process, the input signal was fed into the amplifier 
system using a band width of 10 Hz to 2 kHz and sensitivity level at 10 /iV. 
2.2.5.2.1. Erb's Point 
The Erb's point located at the supraclavicular fossa at the angle between 
the clavicle and the posterior border of the sternomastiod or 2cni above the mid-
point of the clavicle. The interelectrode impedance was kept below 3kQ which 
was checked before implementation of the test. Information captured in the 
recordings were the absolute latency of the Erb's Point Potential (EP) was 
normally at 9 ms (Keith H. Chiappa, 1989) and was measured to ensure the 
transmission below the spinal level. 
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Figure 2.8 Position of the receptive electrode over the peripheral scalp 
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2.2.5.2.2. Sensory Cortex Reception 
A silver plated electrode located at the FZ that was located at the site on 
the midline 12 cm above the nasion (FZ, International 10-20 System) as figure 
2.8. The FZ electrode contributes negativity from 15 to 20 ms served as a 
reference for the recorded waveforms with greater amplitude. 
Another pair of electrodes (C3 and C4) were placed over the central scalp 
area overlying in the primary sensory cortex in the parietal lobe contralateral to 
the stimulated upper limb as figure 2.8. The C3 (left) and C4 (right) were at the 
same location but on different half of the head. These electrodes were situated 7 
cm lateral to a point 2 cm posterior to the vertex according to the standard 10-20 
system C3 and C4 positions. These electrodes contributed to the negativity over 
the same latency range as FZ electrode but of a greater amplitude in latter part 
of the recorded waveform with label N19 and P23 as figure 2.9. 
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Figure 2.9 Waveform and markings ofN19 and P23 of the SEP 
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2.2.5.2.3. Subject Preparation 
The subject should be positioned in supine, on a well-supported bed. The 
assessment room must be comfortable and quiet with temperature at 20�C to 
minimize the excessive muscle tone during the recordings. The subject should 
keep relax and preferably to fall asleep. 
Before the implementation of the SEPs recordings, the site of stimulation 
should be prepared by rubbing with extra fine sandpaper or scrub followed by 
the application of acetone or alcohol for further degreasing. The ground site 
should be prepared in the same way to minimize the impedance of the electrodes. 
The receptive sites should degrease in the same procedure except the usage of 
acetone and alcohol. The protective layer would be removed after cleaning with 
scrub or extra fine sandpaper. As the scalp was much fragile than the skin over 
the wrist, therefore skin damage would be induced if acetone or alcohol was 
applied onto the degreased skin. 
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2.3. Upper Limb Functional Assessment 
Cervical myelopathic subjects always experience symptoms of clumsiness 
in hands, sensory deficit, motor deficit, spasticity and inco-ordination. These 
problems will cause significant functional deficits in the activities of daily living 
(ADL) and fine accurate finger dexterity. The assessment tools should be able to 
evaluate the ADL and the upperlimb functions. Therefore, JOA Score for 
Cervical Myelopathy was chosen to assess the degree of disabilities in general 
ADL including the Hand Function, Gait Disturbance, Sensory Disturbance and 
Neurological Disturbance. Besides, the functional components of the test, the 
reliability and validity are very important in the selection of the test itself. With 
the above concern, the Jebsen Hand Function Test (JHFT) was chosen to assess 
the activity of daily living related hand function; while the Purdue Pegboard 
Test (PPT) was chosen to assess the fine finger dexterity. 
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2.3.1. JOA Score for Cervical Myelopathy 
In 1976, The clinical evaluation of Cervical Myelopathy was set up by the 
Japanese Orthopaedic Association (JOA) and named as the ‘‘JOA Score 
System". The JOA score quantifies the neurologic deficiency based on activities 
of daily living by evaluating the upper extremity function (4 points), lower 
extremity function (4 points), sensory disturbance (6 points) and urinary 
bladder function (3 points) as in figure 2.10. The component of the sensory 
disturbance includes those of the upper limbs (2 points), trunk (2 points) and the 
lower limbs (2 points). The total score would be obtained by summing up the 
sub-total of 4 sections and the JOA score for a normal body was 17 out of 17. 
The JOA score was obtained through an assessment rather than question-and-
answer method except the "urinary function，，. 
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JQA SCORE FOR CERVICAL MYELOPATHY 
Name : ( ) Sex / Age : 
Diagnosis: OPLLI CSM Case. No.: Level Involved:  
Evaluation (JOA Score) Date of Assessment 
I. Upper extremity function 
• Impossible to perform critical hand function 
e.g. £^(!;|g,jy[iti!ig，buttoning 0 
• Possible to perform the critical hand function 
eventually but very difficult 
e.g. possible to eat only with sjDOon 1 
• Possible to perfrom the critical hand function with a 
slower and clumsy manner 
e.g. still possible to eat with chopsticks 2 
• Possible to peform the critical hand function, buit not 
normal as before (only subjective discomfort 3 
included) 
• Kiorma 丨 4 
II. Lower extremity function 
• Impossible to walk 0 
• Need cane or aid on flat ground 1 
• Need cane or aid on stair 2 
• Possible to walk without cane or aid, but not normal 3 
as before 
• Siormai 4 
III. Sensory disturbances (pin-prick) 
0. Apparent sensory loss 
• burning or tingling sensation 
• hyperthesia, parathesia 
• > 50% hypothesia 
1. Minimal sensory loss 
• numbness without objective sensory deficit 
• < 50% hypothesia 
2. Normal  
A. Upper extremity 0 
1 
2 
B. Lower extremity 0 
1 
2 
C. Trunk 0 
1 
2 
IV. Bladder Function 
• Complete retention 0 
• Severe disturbance 1. 
-Inadequate ejaculation of bladder, or 
-Straining, or 
• Mild disturbance 2 
-Urinary frequency 
• Normal 3 
TOTAL SCOREL 丨XL  
Fig. 2.10 JOA Scoring Sheet for Cervical Myelopathy siihjecfs 
46 
Chapter 2 — Methodology  
2.3.1.1. Upper Extremity Function 
The subjects were assessed through the manipulation of chopsticks in 
picking up a piece of foam, an irregular-shaped plastic ball, a wooden stick and a 
regular-sized marble. Then the performance was evaluated and the sub-score 
would be obtained according to the grading as follow: 
0 = Impossible to feed with chopsticks or spoon 
1 = Possible to feed with spoon but not with chopsticks 
2 = Possible to eat with chopsticks but inadequately 
3 = Possible to feed with chopsticks but awkwardly or subjective clumsiness 
4 = Possible to feed with chopsticks normally 
2.3.1.2. Lower Extremity Function 
The subjects were assessed by walking test on plain ground, up and down 
stairs. The performance was evaluated and the sub-score would be obtained 
according to the grading as follow: 
0 = Impossible to walk 
1 = Need aids in walking on flat ground surface 
2 = Possible to walk on flat ground surface hut need aids on stairs 
3 = Possible to walk unaided sUnvly hut with subjective clumsy ^ait 
4 = Possible to walk normally 
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2.3.1.3. Sensory Disturbance 
The sensory disturbance was evaluated by pain sensibility over the upper 
and lower extremities as well as the trunk. The sensibility was graded as follow: 
0 = Definite impaired and more than 50% sensory deficit 
1 = Subjective numb and 50% or less sensory deficit 
2 = Normal Sensibility 
2.3.1.4. Urinary Function 
The status of the urinary function was obtained through asking the 
subjects according to the following grading. 
0 = Completely incontinent 
1 = Severe difficulty or disturbance including inadequate ejaculation of 
bladder, straining or dribbling of urine 
2 = Mild difficulty or disturbance including urinary frequency or hesitancy 
3 = Normal function 
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2.3.2. Jebsen Hand Function Test fJHFT) 
The JHFT was developed in 1969 by Professor Robert H. Jebsen of the 
University of Cincinnati, Ohio, the United States. In the study, the JHFT BK-
8063 Model (1992) was used. Seven sub-tests of the JHFT including writing, 
turning over cards, manipulating small objects, simulated eating, stacking 
checkers, manipulating large light objects and manipulating large heavy objects 
were administered to the non-dominant hand first and then to the dominant 
hand. Time to complete the sub-test was measured repeatedly for three times 
and an average score was then obtained. 
Most of the recruited local Chinese subjects were not able to read and 
write English characters; therefore, the writing test was considered to be 
cultural irrelevant and this sub-test was skipped for both the non-dominant and 
dominant hands. Eventually, total of 6 sub-tests would be performed to all the 
recruited subjects. 
Concerning the validity and reliability of the JHFT, normative data for 
subjects without disability aged from 20 to 94 years are available for each sub-
test according to age and gender (Jebsen et. al., 1969). The implementation of 
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test-retest reliability study of 26 subjects representing 11 different diagnostic 
groups showed that the test was fairly reliable over time with significant Pearson 
product-moment correlation coefficients ranging from 0.60 to 0.99. The test was 
also valid in discriminating different degree of disability of the subjects in the 
study (Jebsen et al., 1969). 
The JHFT was implemented with standardized procedure as well as the 
environmental set up. The subject was seated on an 18-inch high chair and with 
a 30-inch high desk in the front. A wooden board with length 41V2", width 
1 3 
11 A" and thickness A" was clamped onto the desk. The board was marked at 
4” intervals for easy reference when placing objects. A center piece of plywood 
with length 20”, height 2” and thickness V3" was fixed onto the board in a 
position at from the right and 5” from the front edge of the board. The 
front of the center upright should be marked at 2，，intervals, beginning at 1，， 
from each end, for convenience in placing objects. Subject was allowed to 
question after the instruction to ensure the subjects understood the instruction 
thoroughly. The sub-tests were always presented in the same sequence and were 
always performed with the non-dominant hand first. 
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2.3.2.1. Sub-test 2 - Card Turning Test 
Five 3” X 5” index cards, ruled on one side only, were placed in a 
horizontal row 2" apart on the desk in front of the patient. Each card was 
oriented vertically, 5" from the front edge of the desk. This distance was 
indicated on the side edge of the desk with a marker as in figure 2.11. Turning 
was from the word ‘‘Go,，until the last card was turned over. No accuracy of the 
placement after turning was necessary. The instruction was standardized as 
follow: 
''Place your left (right) hand on the table, please. When I say 
,Go' use your left (right) hand to turn these cards over; one at a 
time as quickly as you can. Begin from the extremely right (left) 
hand side. You may turn them over in any way that you wish. 
They need not be in a neat pattern when you finished. Do you 
understand? Ready? Go!，， 
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Figure 2.11 JHFT Sub-test 2 - Card Turning Test 
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2.3.2.2. Sub-test 3 - Small Object Pinching Test 
An empty lib coffee can was placed directly in front of the subject, 5” 
from the front edge of the desk. Two 1" vertically oriented paper clips, two 
regular-sized bottle caps with 1” diameter and the inside of the cap facing 
upward, two United States pennies were placed in a horizontal row to the left 
side of the coffee can. The paper clips were to the extremely left while the 
pennies were placed nearest to the can as shown in figure 2.12. The objects were 
placed 2" apart. The time was recorded from the word "Go" until the sound of 
the last object stroked the inside of the can. The item was repeated with the 
dominant hand. The layout of the dominant hand was a mirror image of the one 
described, with the objects placed to the right of the can. The instruction was 
standardized as follow: 
"Place your left (right) hand on the desk, please. When I say 
,Go, use your left (right) hand to pick up these objects. One 
at a time and place them in the can as fast as you can. Begin 
from the left (right) side, that means start at the last paper 
clip. Do you understand? Ready? Go!” 
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Figure 2.12 JHFT Sub-test 3 - Small Object Pinching Test 
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2.3.2.3. Sub-test 4 - Simulated Feeding Test 
Five kidney beans of approximately %，，in length were placed on 
assessment board that was clamped on the desk in front of the subject 5” from 
the front edge of the desk as in figure 2.13. The beans were placed 2，，apart and 
to the left of the center, parallel to and touching the upright projection of the 
board. An empty lib coffee can was placed centrally in front of the board. A 
regular teaspoon was provided. The time was recorded from the word "Go" 
until the last bean was hitting the bottom of the can. The procedure was 
repeated with the dominant hand, the beans being placed to the right of the 
center. The instruction was as follows: 
“Take up the teaspoon with your left (right) hand, please. 
When I say ,Go ’ use the teaspoon to scoop these beans. One at 
a time and place them in the can as fast as you can. Begin 
with the one on the extremely left (right) side. Do you 
understand? Ready? Go!“ 
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Figure 2.13 JHFT Sub-test 4 - Simulated Feeding Test 
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2.3.2.4. Sub-test 5 — Stacking Checkers Test 
Four standard-sized red wooden checkers with 1V4，’ in diameter were 
placed in front of the subject and touching a board clamped to the desk. The 
board was clamped 5” from the front edge of the desk and the checkers, in front, 
were oriented two on each side of the center in a "0000" configuration as shown 
in figure 2.14. The recorded time was started from the word "Go" until the last 
checkers reaches the previous one. The sub-test allowed to have a demonstration 
until subject understood thoroughly. The step was repeated with the dominant 
hand. The instruction was standardized as follow: 
“Place your left (right) hand on the desk, please. When I 
say ,Go, use your left (right) hand to stack the checkers on 
the hoard in front of you as fast as you can like this, one on 
the top of the other. You may begin with any one of the 
checkers. Do you understand? Ready? Go!" 
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Figure 2.14 JHFT Sub-test 5 - Stacking Checkers Test 
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2.3.2.5. Sub-test 6 — Light Large Object Picking Test 
Five empty No.303 can be placed in front of the board clamped on the 
desk in front of the subject 5" from the font edge of the desk as in figure 2.15. 
The empty cans were spaced 2” apart. Demonstration was allowed to ensure 
thorough understanding by the subject. The recorded time started from the 
word “Go，，until the last can had been released onto the board. The procedure 
was repeated with the dominant hand. The instruction was standardized as 
follow: 
"Place your left (right) hand on the desk, please. When I say 
，(3o, use your left (right) hand to stand the cans onto the 
hoard in front of you like this. Begin with the one in 
extremely left (right). Do you understand? Ready? Go!，， 
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Figure 2.15 JHFT Sub-test 6 - Light Large Object Picking Test 
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2.3.2.6. Sub-test 7 — Heavy Large Object Picking Test 
Five full lib No.303 can were placed in front of the board clamped onto 
the desk in front of the subject 5” from the front edge of the desk. The cans 
were spaced 2” apart, the same layout as in sub-test 6. Demonstration was 
allowed to ensure thorough understanding by the subject. The recorded time 
started from the word "Go" until the last can had been released onto the board. 
The procedure was repeated with the dominant hand. The instruction was 
standardized as follow: 
‘‘Now do the same thing with these heavier cans. Place your 
left (right) hand onto the desk. When I say 'Go, use your left 
(right) hand to stand these cans onto the board as fast as you 
can. Begin with the one in extremely left (right). Do you 
understand? Ready? Go!" 
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Figure 2.16 JHFT Sub-test 7 - Large Heavy Object Picking Test 
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2.3.3. The Purdue Pegboard Test (PPT) 
The Purdue Pegboard test was developed in 1948 by Dr. Joseph Tiffin, 
Ph. D. In the Purdue University, Indiana, the United States. This test was 
standardized and various studies of the reliability and validity had been carried 
out (Tiffin J., 1948; Bass B.M. et. al.，1951; Coster L.D. et. al., 1963). The test-
retest reliability was first evaluated by Tiffin in 1948; the reliability coefficient 
was found within the range of 0.60 to 0.76 for the single-trial model and the 
estimate for the three-trial model was ranging from 0.82 to 0.91. The reliability 
test was repeated in 1951 by Bass and Stucki, a three-trial model was 
implemented and the reliability coefficient was ranging from 0.82 and 0.91. 
The validity was test by Fleishman and Ellison in 1962, resulted with a 
good validity. “Finger dexterity" was the common factor of all the sub-tests 
which defined as the "ability to make rapid, skillful, controlled manipulative 
movements of small objects, where the fingers are primarily involved" 
(Fleishman E.A. et. al., 1962). An additional factor was found in the assembly 
sub-test called the "manual dexterity" and defined as the "ability to make 
skillful, controlled arm-hand manipulation of larger objects,，(Fleishman E.A. et. 
al., 1962). 
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The PPT was equipped with pins, collars and washers which are located 
in four cups at the top of the standardized board. The evalualee should be 
seated comfortably on an 18-inch high chair and with a 30-inch high desk in the 
front. The Purdue Pegboard should be directly in front of the subject with the 
row of cups at the far end of the board. The extreme right hand and extreme left 
hand cups should contain 25 pins on each side. The cup immediately to the right 
of the center should contain 20 collars and the cup immediately left of the center 
should contain 40 washers. The examiner should be thoroughly familiar with 
the test and should be capable of demonstrating the various tasks. The following 
directions are for use with a single subject and should be appropriately modified 
when given to groups. Also, it is assumed that the right hand is the preferred 
hand. When the left hand is the preferred hand, the examinee should take the 
test using the left hand first and the left hand score should be regard as the 
dominant hand score. 
The procedure was standardized and should be carried out exactly in the 
standardized way. Before starting the test, the examiner should say “This is a 
test to see how quickly and accurately you can work with your hands. Before you 
begin each part of the test, you will have an opportunity to practice. Be sure you 
understand exactly what to do”. 
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2.3.3.1. Sub-test 1 -- Dominant Hand (figure 2.17) 
Before each test, the required task would be demonstrated together with 
the instruction to ensure the understanding of the subjects. Error should be 
corrected during the trial and question would be answered until the subject 
understood the operation. After this sub-test the total number of pins inserted 
was recorded onto the assessment form. The sub-test would be repeated twice 
and the sum of performance in this sub-test would then be calculated as the 
score. The standardized instruction was as follows: 
“Pick up one pin at a time with your dominant hand from the 
dominant-hand cup. Starting with the top hole，place each pin in 
the dominant-hand row. Now you may insert a few pins for 
practice. If during the testing time you drop a pin, do not stop to 
pick it up. Simply continue by picking another pin out of the cup. 
Stop. Now take out the practice pins and put them hack into the 
dominant-hand cup. When I say 'Begin, place as many pins as 
you can in the dominant-hand row, starting with the top hole. 
Work as rapidly as you can until I say “Stop，，at exactly 30 seconds 
after. Are you ready? Begin.，， 
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Figure 2.17 Purdue Pegboard Sub-test 1 -- Dominant Hand 
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2.3.3.2. Sub-test 2 - Non-dominant Hand (figure 2.18) 
The procedure was the similar to that of sub-test 1 and the only different 
was using the non-dominant side. After this sub-test the total number of pins 
inserted was recorded onto the assessment form. The sub-test would be repeated 
twice and the sum of performance in this sub-test would then be calculated as 
the score. 
“Pick up one pin at a time with your left hand from the non-
dominant sided cup. Starting with the top hole, place each pin in 
the non-dominant sided row. Now you may insert a few pins for 
practice. If during the testing time you drop a pin, do not stop to 
pick it up. Simply continue by picking another pin out of the cup. 
Stop. Now take out the practice pins and put them back into the 
non-dominant sided cup. When I say 'Begin, place as many pins 
as you can in the non-dominant sided row, starting with the top 
hole. Work as rapidly as you can until I say 'Stop ‘ at exactly 30 
seconds after. Are you ready? Begin.“ 
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Figure 2.18 Purdue Pegboard Sub-test 2 — Non-dominant Hand 
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2.3.3.3. Sub-test 3 - Both Hands (figure 2.19) 
This sub-test implemented by combining the procedure of sub-test 1 and 
2，that is working with both sides simultaneously. The score was obtained by 
summing up the scores in three individual trials. The instruction was 
standardized as follow: 
“For this part of the test you will use both hands at the same 
time. Pick up a pin from the left and right-hand cup with your 
left and right hand respectively, and place the pins down the 
rows. Begin with the top hole of both rows. Now you may insert 
a few pins with both amis for practice. When I say 'Begin' place 
as many pins as you can with both hands. Starting with the top 
hole of both rows. Work as rapidly as you can until I say Stop at 
exactly 30 seconds after the test Are you ready? Begin ” 
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Figure 2.19 Purdue Pegboard Sub-test 3 — Both Hands 
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2.3.3.4. Sub-test 4 - Assembly (figure 2.20) 
This sequence consists of assembling pins, collars and washers. 
Demonstration was very important during the instruction as it was quite 
abstract for the subjects to understand. Th point to emphasize in the 
instructions for this sequence is that both hands should be operating all the time, 
one picking up a pin, one a washer, one a collar and so on. The examinee must 
keep both hands moving at the same time. Further instruction should be offer to 
the subjects who fails to do so. The Assembly score was the sum of total number 
of parts assembled in three individual trials. The instruction was standardized 
as follow: 
"Pick up one pin from the right-hand cup with you right hand, 
while you are placing it in the top hole in the right-hand row, pick 
up a washer with your left hand. As soon as the pin has been 
placed, drop the washer over the pin. While the washer is being 
placed over the pin with your left hand, pick up a collar with your 
right hand. While the collar is being dropped over the pin, pick up 
another washer with your left hand and drop it over the collar. 
This completes the first 'assembly ‘ consisting of a pin, a washer, a 
collar and a washer. While the final washer for the first assembly 
is being placed with your left hand, start the second assembly 
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immediately by picking up another pin with your right hand. 
Place it in the next hole，drop a washer over it with your left hand, 
and so on, completing another assembly. Now make a few 
assemblies for practice. When I say ,Begin，, make as many 
assemblies as you can，beginning with the top right-hand hole. 
Work as rapidly as you can until I say “Stop’，at 1 minute after the 
test. Are you ready? Begin. ” 
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Figure 2.20 Purdue Pegboard Sub-test 4 — Assembly by Both Hands 
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2.4. Statistical Analysis Method 
The obtained results of the MRI findings, SEP, JOA score, JHFT and 
PPT were analyzed by the method of Multiple Regression to predict the 
relationship of the MRI, Electro-physiological and Functional findings. Through 
the multiple regression, the relationship can be illustrated by an equation that 
will well described statistically. Besides the best statistical description of the 
relationship between the variables, the procedure also can demonstrate the 
appropriateness of the assessment tools in the evaluation of the subjects with 
Cervical Myelopathy. 
In this statistical analysis, the MRI findings were defined as the 
“Dependent Variable" included the 'sagittal diameter', 'transverse diameter', 
'compression ratio', ‘transverse area，of the most stenotic cord and spinal canal. 
Whereas the electro-physiological and functional findings were defined as the 
"Independent Variables", those were the 'SEP', 'JOA Score', “JFHT，and 
“PPT，. 
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Multiple regression was implemented between each dependent variable 
and all the independent variables; the stepwise forward procedure was applied 
to all sets of data. The relationship was accepted when the significance level was 
at 0.05,/7-va/M^ < 0.05; and the adjusted R-square was at least at moderate level, 
>0.5. 
With reference to Barbara H. Munro, 1993, the strength of the 
relationship (R-value) was categorized, with 0.00 to 0.25 as ‘Little relationship, if 
any\ 0.26 to 0.49 as 'Low relationship', 0.50 to 0.69 as 'Moderate relationship,, 
0.70 to 0.89 as 'High relationship' and 0.90 to 1.00 as 'Very High relationship'. 
After regression, the significant combination was obtained and an 
equation was then generated to represent the predictive behavior of the 
independent variable. Normal plots of residuals was performed to all the 
significant groups to ensure the normal distribution of the sample which are 
expected to produce a straight line in the normal probability plot of residuals. In 
addition, a non-patterned distribution in the scatter plot of the residuals of the 
dependent variables was anticipated in the residual analysis. With the above 
procedures, the prediction of the dependent variable from the independent 
variable was regarded as appropriate. 
75 
Chapter 3 — Results — 
Chapter Three 
Results 
3.1. Subjects Distribution 
In the study, 25 right handed subjects were recruited; 18 (72%) were 
male and 7 (28%) were female. The mean age was 59.88 year-old, the youngest 
was 33 year-old and the oldest was 79 year-old as in Figure 3.1. The majority 
fell in the range of 61 to 70 year-old (48%), whereas the minority was fell in the 
range of 31 to 40 year-old (4%). 
The most stenotic cord of the subjects were located at C3/4，C4/5 and C5/6. 
There were 13 subjects (52%) having C4/5 cord compression, 7 subjects (28%) 
having C5/6 cord compression and 5 subjects (20%) having C3/4 cord compression 
(Figure 3.2). The male to female ratio of C4/5 cord compression was 9 : 4, C5/6 
cord compression was 5 : 2 and C3/4 cord compression was 4 : 1 as shown in 
Table 3-1. 
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All the subjects got the typical Myelopathic hand sign. They got numbness 
over the fingers and with the complaint of clumsy hand function both subjectively 
and objectively. Despite, the 10-second Test result was ranging form 4 to 27 cycles 
with the highest frequency at 8,10 and 15 cycles (figure 3.3) which were below the 
normal range of more than 20 cycles. 
Sensory deficit was a common feature among these 25 subjects but the 
deficit was presented in different sensory modalities. Sensory deficit in pinprick 
and light touch was noted in all subjects and 8 of them got additional deficits in 
vibration and proprioceptive senses as well as tactile discrimination. None of the 
subject had deficit in temperature sense. In short, there were 8 subjects got the 
deficiency in the posterior column of the spinal cord. 
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Figure 3.1 Age Distribution of the Cervical Myelopathic Subjects 
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Figure 3.2 Subject Distribution According to the Most Stenotic Cervical Cord Level 
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10 Second Test 
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Figure 3.3 10-second Test Result Distribution 
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；~No. of I Total no. of Total no. of Male to female 
subjects Male female ratio 
赛 - --
~C4/5 cord 13 (52%) 9 4 2.25 
compression 
C5/6 cord 7 (28%) 5 2 2.50 
compression 
C3/4 cord 5 (20%) 4 1 4.00 
compression 
Table 3-1 Distribution of the Female and Male in Different Level of Cord Compression 
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3.2 Magnetic Resonance Imaging Measurement 
The dimensions of the spinal canal and spinal cord were obtained from 
the GEMED DiagnostiX-32 version 2.1.0.1 and were summarized in Table 3-2 
and Table 3-3. Among the 25 subjects, the MRI showed that 9 of them were 
affected by OPLL while the remaining, that was 16 subjects, were having CSM. 
The minimum sagittal diameter of the most stenotic spinal canal was 
1.60min and the maximum was 8.30inm as in Figure 3.4. The mean was 5.84min 
with standard deviation at 1.79mm. The spinal cord got the minimum 
measurement of 1.60mm and the maximum was 6.50mm as in Figure 3.5. The 
mean value of the cord sagittal diameter was 4.78mm with standard deviation at 
1.23mm. 
The mean spinal canal sagittal diameter of subjects with C3/4, C4/5 and C5/6 
cord compression were 6.10mm, 5.48mm and 6.31mm respectively. Those of the 
spinal cord were 4.80mm, 3.99mm and 4.43miTi correspondingly. 
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The transverse diameter of the most stenotic spinal canal had the 
minimuin value at IS.lOmin and maximum at 26.70iTim (Figure 3.6). The mean 
value was at 21.42niin with standard deviation at 3.12nim. The minimum 
transverse diameter of the most stenotic spinal cord was 8.20min while the 
maximum was 16.80mm (Figure 3.7). The mean was 13.34mm with standard 
deviation at 2.17mm. 
With the subjects divided into sub-groups according to the level of 
compression, the mean transverse diameter of the spinal canal and cord of C3/4 
sub-group were 22.04mm and 13.66iTim respectively. Those of the C4/5 were 
20.81mm and 13.13mm correspondingly. C5/6 sub-group was having the canal 
transverse diameter of 22.13mni while that of the spinal cord was 13.51mm. 
The compression ratio of the spinal canal was minimum at 9.00% and the 
maximum at 34.50% as in Figure 3.8. The mean ratio was 27.12% with 
standard deviation at 7.07%. The minimum compression ratio of the most 
stenotic spinal cord was 12.60% while the maximum was 48.30% (Figure 3.9). 
The mean ratio of the cord was 33.30% with standard deviation at 8.51%. 
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The mean canal compression ratio of sub-groups C3/4, C4/5 and C5/6 were 
27.24%, 26.25% and 28.66% respectively. While the mean cord compression 
ratio of these sub-groups were 35.52%, 32.08% and 33.47% correspondingly. 
The transverse area of the most stenotic canal was minimum at 39.80 sq. 
mm and 156.57 sq. mm as the maximum value (figure 3.10). The mean of the 
transverse area of the canal was 100.67 sq. mm and the standard deviation was 
29.95 sq. mm. The minimum transverse area of the spinal cord was 33.40 sq. 
mm and the maximum value was 69.34 sq. mm (figure 3.11). The mean 
transverse area of the cord was 54.28 sq. mm with standard deviation at 10.44 
sq. mm. 
In the sub-groups, the mean canal transverse area of C3/4, C4/5 and C5/6 
were 94.19 sq. mm, 98.14sq. mm and llO.Olsq. mm respectively. The mean cord 
transverse area of the C3/4，C4/5 and C5/6 sub-groups were 52.89sq mm, 55.02 sq. 
mm and 53.88 sq. mm correspondingly. 
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Sagittal diameter of the most stenotic canal 
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Figure 3.4 Distribution of the Sagittal Diameter of the Most Stenotic Cervical Spinal Canal 
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Sagittal diameter of the most stenotic cord level 
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Figure 3.5 Distribution of the Sagittal Diameter of the Most Stenotic Spinal Cord Level 
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Transverse diameter of the most stenotic canal 
10 1 
iLJtJ • • • • • • • • • 
12.1 - 14mm 16.1 - 18mm 20.1 -22mm 24.1 -26mm 
14.1 - 16mm 18.1 - 20mm 22.1 - 24mm 26.1 - 28mm 
Transverse diameter of the most stenotic canal 
Figure 3.6 Distribution of the Transverse Diameter of the Most Stenotic Cervical Spinal Canal 
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Transverse diameter of the most stenotic cord level 
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Figure 3.7 Distribution of the Transverse Diameter of the Most Stenotic Spinal Cord Level 
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Compression ratio of the most stenotic canal 
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Figure 3.8 Distribution of the Compression Ratio of the Most Stenotic Cervical Spinal Canal 
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Figure 3.9 Distribution of the Compression Ratio of the Most Stenotic Spinal Cord Level 
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Transverse area of the most stenotic canal 
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Figure 3.10 Distribution of the Transverse Area of the Most Stenotic Cervical Spinal Canal 
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Transverse area of the most stenotic cord level 
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Figure 3.11 Distribution of the Transverse Area of the Most Stenotic Spinal Cord Level 
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Group Sagittal Transverse Compression Transverse area 
diameter of the diameter of the ratio of the most of the most 
most stenotic most stenotic stenotic spinal stenotic spinal 
spinal canal spinal canal canal canal 
(mm) (mm) (%) (sq. mm) 
Subjects Normal Subjects Normal Subjects Normal Subjects Normal 
^ U M 2 ^ 0 4 2 4 ^ 9 4 ^ 9 2 1 0 . 0 4 
" C ^ 5AS 1130 20.81 24.10 26.25 51.04 98.14~~203.45 
^ U A l 2 2 . 1 3 22.07 28.66 5 6 . 2 3 1 1 0 . 0 1 2 1 0 . 0 4 




all at C4/5  
Table 3-2 Mean Dimension of the Most Stenotic Cervical Spinal Canal 
Group Sagittal Transverse Compression Transverse 
diameter of the diameter of the ratio of the area of the 
most stenotic most stenotic most stenotic most stenotic 
spinal cord spinal cord spinal cord spinal cord 
(mm) (mm) (%) (sq. mm) 
Subjects Normal Subjects Normal Subjects Normal Subjects Normal 
" c ^ 13.66 riL84 35.52 65.71 52.89 65.90 
^ 13.13 11.85 32.08 57.73 55.02 63.10 
^43 Zm 1X51 11.99 33.97 55.21 53.88 69.29 




all at C4/5  
Table 3-3 Mean Dimension of the Most Stenotic Cervical Spinal Cord 
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3.3 Somatosensory Evoked Potentials Recording 
The absolute latencies of the median nerve measured by the JVicolet 
Viking IV Electrodiagnostic Monitoring System at the C3 (left side) and C4 (right 
side) of the central scalp area overlying in the primary sensory cortex in the 
parietal lobe of the brain were summarized in Table 3-4. 
The absolute latency of the SEP from the stimulation over the median 
nerve on the right hand side, recorded at C3 was minimal at IT.lmsec to 
maximal at 31.1msec. The mean latency was ll.SOmsec and the standard 
deviation was 3.03msec. 
The minimuin absolute latency of the SEP from the stimulation over the 
median nerve on the left hand side, recorded at C4 was IV.lOmsec and maximum 
at 30.10msec. The mean latency was 21.46msec and standard deviation was 
2.97msec. 
Among the 25 subjects, eight of them got deficiency in the Posterior 
Column transmission. These 8 subjects had the latencies of Cj and C4 at 
24.66msec and 24.69nisec respectively and which were longer than the normal 
upper limit of 22.10nisec. 
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SEP Absolute Latency of SEP Absolute Latency of 
the Left Sensory Cortex the Right Sensory Cortex 
(Ca) (C4) 
Overall Subjects with Overall Subjects with 
Posterior Column Posterior Column 
involvement involvement 
Mean (msec) 21.50 24.66 21.46 24.69 
Std. Deviation (msec) ~ 3.13 2.97 2.94 
Table 3-4 The Absolute Latency of the SEP Received at the Cortical Level C^  and C^  
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3.4 JOA (Cervical) Scoring 
The JOA score of the subjects was lied among to ^Vn and the mean 
score was 卫！々 ”.The majority was scored at ^^ /n while the minority was scored 
at 3,17，"17，5/”，8,17，,17，ii,�? V^jy the pattern was shown in figure 3.11. 
JOA (Cervical) 
7-1 
3.00 5.00 8.00 10.00 12.00 14.00 16.00 
4.00 6.00 9.00 11.00 13.00 15.00 
JOA (Cervical) 
Figure 3.12 JOA (Cervical) Scoring of the Subjects 
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Among the result, it was further divided into three sub-groups and they 
were the C3/4, C4/5 and C5/6 cord compression groups. In the C3/4 cord 
compression group, the deficiency was mainly fallen in the aspects of ‘‘Upper 
Extremity Function" and "Sensory Function" as shown in figure 3.13. In the 
C4/5 cord compression group (figure 3.14), the deficiency was over the aspects of 
"Upper Extremity Function", "Lower Extremity Function’，and “Sensory 
Function". In the C5/6 cord compression group, the deficit was mainly in the 
aspect of "Lower Extremity Function” as in figure 3.15. 
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Distribution of the Upper Extremity Distribution of the Lower 
Function in JOA Score of the C3/4 Extremity Function in JOA Score 
Cord Compression Group of C3/4 Cord Compression Group 责賣 
Distribution of the Sensory Distribution of the Urinary Badder 
Function in JOA Score of the C3/4 Function in JOA Score of the C3/4 
Cord Compression Group Cord Compression Group 
Figure 3.13 The Breakdown of the JOA Score of the C3/4 Cord Compression Group 
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Distribution of the Upper Extremity Distribution of the Lower Extremity 
Function in JOA Score of the C4/5 Function in JOA Score of the C4/5 
Cord Compression Group Cord Compression Group 
_ 
Distribution of the Sensroy Distribution of the Urinary Bladder 
Function In JOA Score of C4/5 Function in JOA Score of C4/5 
Cord Compression Group Cord Compression Group 
l # l # l 
Figure 3.14 The Breakdown of the JOA Score of the C4/5 Cord Compression Group 
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Distribution of the Upper Extremity Distribution of the Lower Extremity 
Function In JOA Score of the C5/6 Funciton in JOA Score of the C5/6 
Cord Compression Group Cord Compression Group 
1 1 
Distribution of the Sensory Distribution of the Urinary Bladder 
Function in JOA Score of the C5/6 Function in JOA Score of the CS/6 
Cord Compression Group Cord Compression Group 
_.番    
Figure 3.15 The Breakdown of the JOA Score of the C5/6 Cord Compression Group 
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3.5 Jebsen Hand Function Test Measurement 
The results of the JHFT were tabulated in Table 3-5 for the left hand and 
Table 3-6 for the right hand. 
The required time for left hand to complete sub-test 2 was ranging from 
4.72 seconds to 35.49 seconds while that of the right hand was fallen in the range 
from 3.78 seconds to 36.29 seconds. The mean times for the left and right hands 
were 13.28 seconds and 10.88 seconds respectively. 
The shortest time used to complete the sub-test 3 by left hand was 5.74 
seconds while the longest time was 80.00 seconds. For the right hand, the 
minimum required time was 5.04 seconds and the maximum required time was 
75.89 seconds. The mean times of the left and right hands were 17.48 seconds 
and 15.05 seconds respectively. 
In sub-test 4，the range of the completion time for the left hand was 
between 5.45 seconds and 89.81 seconds while that of the right hand was 
between 3.94 seconds and 44.37 seconds. The mean times for completion of the 
left and right hands were 17.52 seconds and 12.44 seconds respectively. 
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The time required to complete sub-test 5 by the left hand was ranged 
from 3.53 seconds to 65.09 seconds while that by the right hand was lied between 
3.41 seconds and 50.85 seconds. The mean times of the left and right hands were 
12.17 seconds and 9.71 seconds respectively. 
The minimum time for the left hand to complete sub-test 6 was 3.17 
seconds and the maximum was 16.36 seconds; while the minimum time for the 
right hand was 2.92 seconds and the maximum was 16.26 seconds. The mean 
time required for completion by the left and right hands were 7.15 seconds and 
6.42 seconds respectively. 
For the sub-test 7，the required time was ranging from 3.44 seconds to 
24.90 seconds for the left hand while 2.98 seconds to 13.66 seconds for the right 
hand. The mean times for the left and right hands were 7.44 seconds and 6.24 
seconds respectively. 
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In comparing with the Norm, all results were much slower than the norm 
with the percentage difference ranged from -83% to -165% for the non-
dominant Hand (i.e. the Left Hand) while -73% to -156% for the dominant hand 
(i.e. the Right Hand). In the Sub-test 5, the Stacking Checkers Test, had the 
greatest difference in both sides, while the Sub-tests 6 and 7, the Light and 
Heavy large Object Picking Tests, got the smallest difference amongst the 
performance. 
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iJdbsenLeft jSmJudk MsenLeft JdbsenLeft JiebsenLdt JebsaiLeft 
caM tumiii^  祐 anall feecfing daedaars empty can lltxcffli 
(seccmds) objects (seoondis) (seands) (secmds) (seconds) 
‘ (secmds) 
Mean 13.28 12.17 7A5 Z 4 4 ~ 
Norm ^ ^ 8?^ 3 M 3 M 
%IMa«ice -118% -121% -101% -165% -83% -96% 
Table 3-5 Jebsen Hand Function Test Results of the Left Hand 
JdbsenRybt Jdbsen ~ J e b s m ~ M f s m J d b s e n ~ J d b s e n ~ 
cardtunoiiig R^anaD R ^ R ^ R ^ R^itllbi 
(seconds) objects feeding chedtes emp^can can 
(seconds) (seccuds) (second) (seconds) (seonds) 
Mean 1 0 ^ I I M ^ ^ ^ 
Nonn 5.30 ^ ^ 3 M 3 M Jm 
% Difference -105% -121% -80% -156% -78% I ? ^ ~ ~ 
Table 3-6 Jebsen Hand Function Test Results of the Right Hand 
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3.6 Purdue Pegboard Test Measurement 
The results of the PPT were tabulated in Table 3-7. The minimum score 
for the 3 trials of the dominant (right) hand was 0.00 and the maximum was 
64.00. The mean score for the right hand was 27.72. 
The total score for the non-dominant (left) hand was ranging from 0.00 to 
63.00. The mean score was 28.04. 
The total score for the both hands test was ranged from 0.00 to 51.00 and 
the mean score obtained was 21.32. 
The assembly test which involved bilateral co-ordination resulted in the 
minimum score at 0.00 and maximum score at 134.00; while the mean score was 
at 61.04. 
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：严due I Purdue non- Purdue both Purdue 
dominant hand hands assembly 
Mean ^ ^ 2L37~~~ 61.04 
Std. Deviation YWe ^  
Minimum ^ ^ ^ ^  
Maximum ^ ^ ^  
Percentile Score <1 percentile <1 percentile<1 percentile<1 percentile 
Table 3-7 The Purdue Pegboard Test Results 
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3.7 Statistical Analysis Finditifrs 
All the data underwent the stepwise regression with the MRI 
measurement was defined as dependent variable while the SEPs, JOA score, 
JHFT and PPT were defined as the independent variables. The results were 
tabulated in Table 3-8a to 3-8h. 
In the Stepwise Forward Regression, the variables were divided 
according to the level of cord compression as C3/4, C4/5, C5/6 and those subjects 
who had the Posterior Column involvement were also grouped together for 
analysis. The results of the C3/4, C4/5, C5/6 groups were shown in Table 3-8a to 
Table 3-8f while the results of the ‘Posterior Column involvement group' were 
tabulated in Table 3-8g and Table 3-8h. 
In the C3/4 group, the sagittal diameter and compression ratio of the 
spinal canal were found to have significantly high relationship with the 
functional performance with the R-square ranging from 0.74 to 0.897 and P 
value less than 0.04. The transverse area and the transverse diameter of the 
spinal cord were identified as having a very high correlation with the functional 
performance parameter ranging from 0.704 to 0.999 and P value smaller than 
0.05. 
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In the C4/5 group, the sagittal diameter and compression ratio of the 
spinal canal were found to have a high and moderate relationship with the 
functional performance respectively; they had the R-square ranging from 0.601 
to 0.941 and P value at 0.01. The sagittal diameter, transverse diameter and 
transverse area of the spinal cord were showed to have a moderate correlation 
with the functional performance parameter ranging from 0.457 to 0.674 and P 
value smaller than 0.007. 
In the C5/6 group, the sagittal diameter and compression ratio of the 
spinal canal were found to have significantly high relationship with the 
functional performance with the R-square ranging from 0.661 to 0.941 and P 
value less than 0.02. The sagittal diameter, transverse diameter, compression 
ratio and transverse area of the spinal cord were having a moderate to high 
correlation with the functional performance parameter ranging from 0.531 to 
0.970 and P value smaller than 0.05. 
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For the group of Posterior Column involved subjects, the sagittal 
diameter and compression ratio of the spinal canal were found to have 
significantly high relationship with the functional performance with the R_ 
square ranging from 0.607 to 0.969 and P value less than 0.05. The sagittal 
diameter, transverse diameter, compression ratio and transverse area of the 
spinal cord were having a moderate to high correlation with the functional 
performance parameter ranging from 0.562 to 0.959 and P value smaller than 
0.03. 
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Table 3-8a R2 of the Multiple Regression Between t h . � ,� r .nal Dimension 训rj Functional 
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Among the subjects, eight of them got the Posterior Column involvement and 
were severely deficit in the nerve transmission. Therefore, the regression had 
implemented in these severe cases to find out the relationship between the "Physical 
Structure" and the "Functional Performance". 
The predictability of the JHFT sub-test 3 of the right hand was moderate 
in determining the change of the canal sagittal diameter (Canalsd). The adjusted 
R square of the JHFT sub-test 3 of the right hand (JebsenS Right) was 0.607, P 
value was less than 0.014 and the regression coefficient was -6.56x10^ The 
constant term of the condition was found to be 6.071. 
With the above results, a predictive equation was generated as follow: 
Canalsd = 6.071 -6.56x10 �(Jebsen3 Right) 
The change in compression ratio of the spinal canal (Canalcr) was 
determine by the sub-test 2 of the left hand (Jebsen2 Left) and the sub-test 5 of 
the right hand (JebsenS Right). The adjusted R square of the Jebsen2 Left was 
0.937 and that of the JebsenS Right was 0.969 with P value at 0.042 and the 
regression constant of Jebsen2 Left and JebsenS Right were -0.539 and -0.153 
respectively. The constant term was found to be 35.748. 
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With the above findings, a predictive equation was generated as follow: 
Canalcr = 35.748 - 0.539 (Jebsen! Left) - 0.153 (JebsenS Right) 
The degree of compression in sagittal diameter of the spinal cord (Cordsd) 
was determined by the JHFT sub-test4 Right. The adjusted R square was 0.579, 
P value was less than 0.017 and the regression coefficient was -6.55x10 The 
constant term of the condition was found to be 4.429. 
With the above results, a predictive equation was generated as follow: 
Cordsd = 4.429 - 6.55x10 �(Jebsen4 Right) 
The transverse diameter of these subjects were moderately related with 
the Jebsen Hand Function Test Sub-test 4 of the left hand (Jebsen4 Left). The 
adjusted R square was 0.562 with P value at 0.020. The regression coefficient 
was 8.396x10 2 while the constant term was 9.781. 
With the above results, a predictive equation was generated as follow: 
Cordtd = 9.781 + 8.396x10 �(Jebsen4 Left) 
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The change in compression ratio of the spinal cord (Cordcr) was 
determine by the sub-test 2 of the Right hand (Jebsen2 Right), The adjusted R 
square of the Jebsen2 Right was 0.770 with P value was 0.003 and the regression 
coefficient of Jebsen2 Right was -0.862. The constant term was found to be 
42.414. 
With the above findings, a predictive equation was generated as follow: 
Cordcr = 42.414 - 0.862 (Jebsen2 Right) 
The change in transverse area of the spinal cord was mainly determined 
by the JHFT sub-test 7 of the right hand (Jebsen? Right) and latencies of C3 
(N19R) and C4 (N19R). The adjusted R squares were 0.721, 0.875 and 0.959 
respectively with P value at 0.028. The regression coefficient of JFHT sub-test 7 
of the right hand was -2.363, latencies of C3 and Q were 2.668 and -4.117 
respectively. The constant term of this condition was calculated as 102.195. 
The predictive equation was generated as below: 
Cordta = 102.195 - 2.363 (Jebsen? Right) + 2.668 (C3 Latency) - 4.117 (C4 
Larency) 
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After the implementation of all statistical analysis, testing of the residuals 
was crucial in proving the normality of the data. The Normal Probability Plots 
of the residuals of the dependent variables including Canalsd, Canalcr, Cordsd, 
Cordcr and Cordta were linearly related and close to the normal line showed in 
figures 3.16 to 3.20. In addition, the scatter plot of the dependent variable did 
not show any pattern in figures 3.21 to 3.25. With such results in the normal P-P 
plots and the standardized residual plots, the pre-requisite for the multiple 
regression, normal distribution of data, was proven to be adequate. 
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Normal P-P Plot of Regression Standardized Residual 
Dependent Variable: Sagittal diameter of the most stenotic cana面 
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Figure 3.16 Normal P-P Plot of Residuals of the Sagittal Diameter of the Spinal Canal 
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Normal P-P Plot of Regression Standardized Residual 
Dependent Variable: Canal compression ratio of the stenotic one 
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Figure 3.17 Normal P-P Plot of Residuals of the Compression Ratio of the Spinal Canal 
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Normal P-P Plot of Regression Standardized Residual 
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Figure 3.18 Normal P-P Plot of Residuals of the Sagittal Diameter of the Spinal Cord 
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Normal P-P Plot of Regression Standardized Residual 
Dependent Variable: Cord compression ratio of the stenotic level 
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Figure 3.19 Normal P-P Plot of Residuals of the Compressioii Ratio of the Spinal Cord 
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Normal P-P Plot of Regression Standardized Residual 
Dependent Variable: Transverse area of the most stenotic level 
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Figure 3.20 Normal P-P Plot of Residuals of the Transverse Area of the Spinal Cord 
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Scatterplot 
Dependent Variable: Sagittal diameter of the most stenotic canal 
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Figure 3.21 Scatter Plot of Residuals of the Sagittal Diameter of the Spinal Canal 
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Scatterplot 
Dependent Variable: Canal compression ratio of the most stenotic one 
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Figure 3.22 Scatter Plot of Residuals of the Compression Ratio of the Spinal Canal 
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Scatterplot 
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Figure 3.23 Scatter Plot of Residuals of the Sagittal Diameter of the Spinal Cord 
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S c a t t e r p l o t 
Dependent Variable: Cord compression ratio of the stenotic level 
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Figure 3.24 Scatter Plot of Residuals of the Compression Ratio of the Spinal Cord 
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S c a t t e r p l o t 
Dependent Variable: Transverse area of the most stenotic level 
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Figure 3.25 Scatter Plot of Residuals of the Transverse Area of the Spinal Cord 
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3.8 Summary 
In summary, 25 subjects were recruited and 13 of them got C4/5 
compression. All subjects had sensory deficit but 8 of them got the involvement 
over the posterior column of the spinal cord. 
The measurement of the spinal canal and spinal cord were significantly 
stenotic. The mean dimensions of the most stenotic canal of those subjects with 
the Posterior Column involvement were 5.44mm in sagittal diameter, 20.81mm 
in transverse diameter, 26.25% in compression ratio and 98.14 sq. mm in 
transverse area. The mean value of the most stenotic cord were: 3.99min in 
sagittal diameter, 13.13mm in transverse diameter, 32.08% in compression ratio 
and 55.02sq. mm in transverse area. 
The mean absolute latency of the Somatosensory Evoked Potential of the 
median nerve was 21.50msec for the C3 reception and 21.46msec for the C4 
record. For those 8 severely involved subjects, the mean absolute latencies of C3 
and C4 were 24.66mse and 24.69msec respectively. 
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In correlating to the functional assessment, an adequate relationship was 
found in the sagittal diameter and compression ratio of both the canal and cord. 
The transverse area and transverse diameter of the cord was also adequately 
related to the hand function. 
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Chapter Four 
Discussion 
4.1. Magnetic Resonance Imaging Measurement 
411. Cervical Myelopathy Subject has Small Spinal Cord and Canal 
The study hypothesized that the compression due to the OPLL and CSM 
was absolutely affecting the antero-posterior dimension of the spinal canal which 
led to a greater defect in the sagittal plane than the axial plane. This defect 
caused a direct compression over the anterior column and the posterior column 
of the spinal cord. The voluntary motor coordination, regulation of muscle tone, 
proprioceptive sensory input, tactile discrimination sensory input would be 
affected at the level of compression due to the blockage of the sensory input and 
motor output transmission at the anterior and posterior column of the spinal 
cord. 
In this study, the sagittal diameter and transverse area of the cervical 
spinal cord were significantly smaller than the normal range regarding the 
findings of Sinsuke Hukuda et al. in 1996, Kazuiiori Yone et al. in 1992, Keijii 
Fujiwara et al. in 1988，Valere Debois et al. in 1996, Kostas N. Fountas et al. in 
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1998 and Takashi Sasaki et al. in 1998. The sagittal diameter of a normal 
cervical spinal cord was ranging from 6.62mm to 7.78nim, the transverse 
diameter was ranging from 11.0mm to 11.99mm and the transverse area was 
ranging from 63.lsq.mm to 69.29sq.mm. The mean sagittal diameter obtained 
was only 0.722 of the normal value; the mean transverse area obtained was 0.86 
of the norma且 value. These findings verified the conventional idea that the 
cervical myelopathic patients got a smaller sagittal diameter as well as a 
transverse area of the cervical spinal cord. 
In addition, cord dimensions were comparable to those obtained by 
Kostas N. Fountas in 1998 and Sinsuke Hukuda in 1996. The sagittal diameter 
of the spinal cord obtained in this study was beyond the range of the Cervical 
Myelopathy group described in previous studies which ranged from 4.98mm to 
5.93inin (Sinsuke Hukuda, 1996). The transverse diameter and transverse area 
were within the pathological range between ILHinm to 13.82mm (Kostas N. 
Fountas, 1998) and between 50.16sq. mm and 56.23sq. mm (Sinsuke Hukuda, 
1996) respectively. In conclusion, the subjects were suffered from significant 
cervical spinal cord compression. Among the two parameters, the sagittal 
diameter had a greater influence in the myelopathic symptoms as described by 
Val会re Debois et al. in 1996. The pathology of the OPLL and CSM in relation 
to the anatomy of the neck contributed a lot in this phenomenon. 
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The Posterior Longitudinal Ligament located in front of the spinal cord, 
therefore anterior compression in the sagittal plane would induced by the OPLL. 
The Spondylosis caused by the arthritic changes or osteophytes arising from the 
posterior aspect of the vertebral body and led to an anteroposterior cord 
compression. In conclusion, the sagittal diameter was verified as the most 
fundamental and important factor in determining cervical cord compression 
while the transverse diameter was not significantly contributing to it (Takashi 
Sasaki et al., 1998). 
The transverse diameter of the spinal cord was not so sensitive towards 
the cord compression because there was a larger space in between the cord and 
the canal in the coronal plane than in the sagittal plane. These free spaces in the 
coronal and sagittal plane were ranged from 9.96iTim to 12.38mm and 4.34nim to 
7.05 respectively (Sinsuke Hukuda et al” 1996). The spinal cord was a soft and 
stretchable bundle floating in the Cerebral Spinal Fluid, the cord would expand 
laterally in balancing the internal pressure under the anteroposterior cord 
compression. With a larger space to accommodate the lateral expansion of the 
spinal cord, then the effect of the lateral cord compression in the coronal plane 
would be minimal (Valere Debois et al., 1996). 
The dimension of the spinal canal had been studied continuously by 
various researchers. Regarding the study of Sinsuke Hukuda et al. in 1996, the 
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measured size of the spinal canal was much smaller than the normal values. The 
obtained dimensions were only 0.72, 1.21 and 0.86 of the normal values 
respectively. Same phenomenon was obtained in the size of the spinal canal with 
much significantly decrease in the sagittal diameter and transverse area. As 
expected, the transverse diameter of the spinal cord would expand under the 
anteroposterior compression, it was obvious that the transverse diameter of the 
cord was grown beyond and nearly 121% of the normal cord size. 
In summary, the anteropsoterior involvement was much significant than 
the transverse involvement. In such occasion, the anterior and posterior 
columns of the spinal cord were proven to have a greater deformity than that of 
the lateral column. In other words, much deformation in the Fasciculus Gracilis 
and 
Cuneatus (i.e., the Posterior Column), Anterior Spinothalamic tract, Anterior 
Corticospinal tract, Reticulospinal and Vestibulospinal tracts would be induced. 
The Fasciculus Gracilis, Fasciculus Cuneatus and the Anterior Spinothalamic 
tract were the important ascending tracts for the transmission of 'tactile 
discrimination', 'vibratory sense, and 'proprioceptive sense, input (Richard S. 
Snell,1980). The deformed descending tracts were the Anterior Corticospinal 
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tract, Reticulospinal and Vestibulospinal tracts which were responsible for the 
speed and agility to voluntary movement especially in rapid skilled movements 
and the regulation of the muscle tone (Ernest W. April, 1997). 
In the functional aspect, the Purdue Pegboard Test and the Jebsen Hand 
Function Test could demonstrate the integrity of both the ascending and 
descending tracts. While the SEP could demonstrate the deficiency in the 
Posterior Column. 
Besides the cord dimension, the level of the cord compression was also a 
crucial factor in affecting the upper limbs function. In this study, it showed that 
the effect of the cord compression at C3/4 disc level was mainly on the 'Sensory 
Function,. At C4/5 was focused on ‘the forearm rotation' and ‘pinching，. While 
at C5/6 level, deficit in the 10-second Test, i.e. the interfinger coordination tasks, 
was noted in addition to those deficiency found at C3/4 and C4/5 levels. In other 
words, the lower the level of the cord compression, the more distal the deficit was 
located. This pattern was described clearly by Anne Hartley in 1995. 
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The spinal cord was roughly cylindrical in shape. It began at the 
Foramen Magnum in the skull, where it was continuous with the Medulla 
Oblongata of the brain and it terminated at the level of the lower border of the 
first lumbar vertebra (Snell, 1980) If the cord compression took place, then 
changes in the transverse area and diameters in both the axial and sagittal plane 
were expected. 
Imagine the segment of the spinal cord was a balloon. When it was 
compressed axially, air in the sac would shift horizontally and vertically. In 
other words, the volume of that particular segment would be decreased due to 
the content was pushed vertically to the adjacent segments. If only measured the 
uniplanar dimension, then the true size discrepancy could not be completely 
reflected. Therefore, the three-dimensional measurement should be included to 
obtain a more representative data set. Although the volume change of the 
compressed segment was so important, but it was not feasible to measure the 
segmental volume of the compressed cord accurately by the non-invasive 
investigation in vivo, therefore it was not included here. 
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4.2. Somatosensory Evoked Potential of the Median Nerve 
4.2.1. The Latencies were Preserved in Most of the Subjects 
The absolute latency of the Somatosensory Evoked Potential of the 
median nerve was expected to be lengthen by the cord compression in Cervical 
Myelopathy. In studying more detail about the SEP, then lengthened absolute 
latency was anticipated only in those subjects with posterior column 
compression at the cord level from C5 to Cs, where the median nerve was 
originated from. 
There was a circumferential spacing filled with the Cerebrospinal 
Fluid (CSF) between the spinal canal and dura mater of the spinal cord which 
was contributed to the allowance in cord compression before deforming the dura 
mater. Despite this space, another crucial factor leading to a change in the 
latency of the SEP was the severity of the cord compression. In case if the 
compression came from the anterior aspect and was not strong enough to deform 
the posterior column, then the latency would remain within the normal range. 
Therefore, the hypothesis should be modified and stated as if the cord 
compression was severe enough to deform the posterior aspect of the spinal cord 
with the presentation of significant deficiency in 'Proprioceptive', ‘Vibration， 
and 'Tactile Discriminative' sense, then there would be a lengthening of the 
absolute latency of the Somatosensory Evoked Potential of the median nerve. 
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The evaluation of SEPs did not show a very obvious change in relation 
to the cord compression. Only 8 subjects got prolongation of the absolute 
latencies in their SEPs and lied among 3.1 to 11.9 standard deviations of the 
normal range. The rest of the subjects got the latencies stayed within three 
standard deviations, i.e., 22.1ms, regarded as the uppermost limit of the normal 
value (Keith H. Chiappa, 1989). All of them had dorsal column involvement 
including sensory deficits in proprioception and vibration; and 17 of them got 
disturbance in pain sensibility due to severe numbness of the hands. Although 
the presentation of the result was not obvious in bringing the value beyond the 
normal range, but it showed a significant relationship between the change of the 
latency and the decrease of the sagittal diameter of the spinal cord. This 
phenomenon indicated that the cord compression did affect the transmission of 
the SEP in severe compression and the measurement was adequate in assessing 
the severe cord compression. 
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According to the description of Keith H. Chiappa in 1989，Andrei V. 
Chisyakov in 1995 and Gary C. Dennis in 2000, the SEPs passed through the 
dorsal column of the spinal cord to the thalamus and eventually reached the 
Somatosensory cortex of the brain. With the above phenomena, only those 
subjects with deficits in proprioceptive and vibration sensibilities had obvious 
prolongation of the absolute latencies of the SEPs was clearly demonstrated and 
confirmed with the results obtained in this study. 
In this study, the laterality of the affected SEPs had not been discussed 
due to the tight subject pool, so grouping for the Left-sided, Right-sided and 
Both-sided cord involvement was impossible and insignificant. If grouping 
according to the laterality were possible, then the correlation between the 
physiology of the cord compression and the functional deficits could be explored 
in detail. 
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4.3. Cervical Cord Compression Affects the Hand Function Significantly 
The effect on the hand function after the cervical cord compression was 
very complicated and involved both sensory input and motor output of the whole 
upper limb. The demand on the sensorimotor coordination was higher in those 
activities which consisted of actions in multiple joints. In other words, more the 
number of involved joints, the higher the level of coordination required in that 
particular activity. 
Hand performance involved both the manual and finger dexterity, 
sensory input of tactile discrimination and proprioceptive senses was crucial in 
providing the information of the location, shape, texture, weight and part of the 
information about the spatial relationship with other objects. This input served 
as the basis for the upper limbs activity in grasp-and-retrieve actions and 
manipulation. 
The upper limbs activity was originated from the brain and the motor 
command transmitted through the anterior column of the spinal cord and 
reached the particular muscle groups for implementing the designated tone, 
sequence and actions of different joints of the upper limbs. Therefore, in case if 
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defect obtained in either pathway between the Central Nervous System and the 
Peripheral structures, that is the sensory input or the motor output pathways, 
then the clumsy hand movements in various functions would be resulted. In 
such case, the hand function would be affected with effects of the cervical cord 
compression in either the anterior aspect of the cord, which presented with 
'Clumsiness' and ‘Poor Motor Coordination'; or posterior aspect of the spinal 
cord, which presented with the deficiency in 'Proprioceptive', ‘Vibration’ and 
‘Tactile Discriminative' senses. 
Concerning the absolute latency of SEP and the sensory assessments, only 
8 subjects got significant deficit in the posterior column and their hand function 
was extremely clumsy with severe spasticity noted in the 10 seconds test. For 
those subjects who got no significant posterior column involvement but the 
anterior column involvement, hand chimsiness was also obvious in their 
performance in the .lehsen Haiul Fuiu tioFi 'I est and the Purdue Pc«l)o;u (l 'I est. 
As mentioned in last [)ara^ra|)h. motor output, in terms of \ ohmtarv motor 
coordination and muscle (one regulation, was another essential component of the 
smooth, rapid and siniiiltancoiis inoveFiieiits of a mini her of joints. 
1 4 4 
Chapter 4 — Discussion  
Deficiency in upper limb function resulted from cervical spinal cord 
compression was studied and confirmed by various researchers including S. 
Kokubun et al., David C. Good et al., J. D. England et al., Michael F. Nolan, 
Kristin K. Adams et al., Chen T. Y.，Rhonda R. Voskuhl et al. and Richard J. 
Stark et al" Through subjective observation and interview, these studies 
concluded that the cervical spinal cord compression caused hands' paraesthsiae, 
subjective hand clumsiness and deficiency in finger dexterity. 
There were numerous studies stated that the transmission of ‘Tactile 
Discrimination' and 'Proprioceptive' sensory input through the dorsal column 
was a prerequisite for an adequate manual and fine finger dexterity (R.S. 
Johansson et al., 1984; Masashi Nakajima et al” 1995; M. Chassard et al., 1993; 
Johanne Desrosiers et al., 1999; Jean-Louis Thonnard et al., 1997; Andrew M. 
Gordon, 1999). The tactile discrimination was responsible for the exploratory 
function of the hands while the proprioceptive sense was essential for regulating 
the repetitive finger joint movement and grip force (R.S. Johansson et al” 1984). 
In other words, the manual and finger dexterity would be affected by the 
compression of the dorsal column where the ascending tracts of tactile 
discrimination and proprioceptive senses were located. Therefore, Cervical 
Myelopathy subjects with dorsal column involvement would result with the 
prolongation of the Somatosensory Evoked Potential and deficiency in the 
manual and finger dexterity. 
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4.3.1. Fine Finger Dexterity Deficiency is a Significant Clinical 
Symptoms of Cervical Myelopathy Subjects 
Antero-posterior compression of the spinal cord was noted in the MRI 
films of all subjects, only eight of them presented with the symptoms of the 
dorsal column involvement who had the deficiency in ‘Proprioceptive’， 
'Vibration' and 'Tactile Discriminative' senses as well as the prolongation of the 
latencies of the SEP. Theoretically, the fine finger dexterity involving the thumb 
and the forefinger was supposedly clumsy in all the subjects ( R.S. Johansson et 
al., 1984)，but the actual performance in the Purdue Pegboard Test and the sub-
test 3 of the Jebsen Hand Function Test did not show a significant relationship 
between the finger dexterity and the antero-posterior spinal cord compression. 
The phenomenon may due to the compression tolerance of the spinal cord 
described by Sinsuke Hukuda et al. in 1996. Sinsuke reported that the maximal 
tolerable compression of the spinal cord before developing Myelopathy was 
around 45% narrowing of the sagittal diameter of the canal in the experimental 
study. Since there was an interspace between the spinal canal and the cord, 
therefore an allowance of the compression could be obtained in such a 
vulnerable structure ~ the spinal cord. Moreover, the spinal cord compression 
was not a complete destruction of the Fasciculus Gracilis and Cuneatus, 
therefore the residual component still contributed to the sensory function. 
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Besides, the phenomenon may also be explained by the unaffected 
function of the lateral column. The lateral column contained the Spinocerebellar 
pathways which conveyed the Proprioceptive sense to the cerebellum for motor 
coordination, as R.S. Johansson and G. Westling defined as ‘Automatic 
Adaptation of motor behavior' in 1984 and therefore compensated for the 
deficiency of the dorsal column (Nicolas Schweighofer et al, 1998; Carolyn R. 
Mason et al., 1998; R.S. Johansson et al., 1984). In this study, there was only 
three subjects who got Posterior Column involvement together with fair 
performance in the finger dexterity during the Purdue Pegboard Test. As the 
sample size was only eight, therefore it was not strong enough to verify the 
concept but at least showed the trend of this phenomenon. 
Other than the compensation of the 'Proprioceptive sense，，the tactile 
discrimination was also a crucial factor in the manipulation of objects (Jean-
Louis Thonnard et al., 1997; Johanne Desrosiers et al., 1999). 
The fine finger dexterity was very much depending on the 'Tactile 
Discrimination' sense in a blind-flow situation (M.H. Chang et al., 1995). This 
sense was essential for the explorative functions of the hands but also for refined 
manual manipulation, particularly if involving in the precision grip between the 
147 
Chapter 4 — Discussion  
tips of the fingers and the thumb (R.S. Johansson et al., 1984). When this sense 
was impaired, the ‘Visual, sense would be activated to compensate or adapt to 
the sensory deficit during manipulation of objects especially in the rapid and 
skilled movements (M.H. Tsang, 1999). As all tests of Hand Function was 
performed according to the standardized procedures for the Norm comparison, 
therefore no blind-flow component was added to the tests. 
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4.3.2. Deficiency in Manual Dexterity is Another Significant Clinical 
Symptom of Cervical Myelopathy Subjects 
The word 'Manual Dexterity' included the fine and accurate coordination 
of the joints of the upper limbs. The ‘Proprioceptive，sense was the crucial input 
for the motor coordination in such manner (Mary P. Galea et al., 1997" ^ 
Minoru Toyokura et al” 1999; R.S. Johansson et al., 1984; Sabine M.P. 
Verschueren et al., 1999; Rayna Aziima et al., 1999). 
This fine and accurate motor coordination controlled the hand movement 
in the extrinsic space and was a combination of miiltijoints movement and 
interjoint coordination. This coordination process was depending on the 
‘Proprioceptive, information originated from various muscles at different joints 
appeared to be combined in the control of that particular hand movement 
(Sabine M.P. Verschueren et al., 1999). Moreover, Mary P. Galea (1997) 
described that other than the mechanoreceptive input from the hand and digits 
through the 'Dorsal Column，was important, the coincident transmission of 
regulatory information from the cortex to the spinal cord through the 'Anterior 
Column, seem to be affected through channels operating in parallel, e.g., the 
sensorimotor system. In this process, the transmission of the ‘Proprioceptive’ 
sensory input and the ou tpu t of controlled voluntary movement as well as the 
149 
Chapter 4 — Discussion  
regulation of muscle tone were involved; which implied that the Dorsal Column, 
the Anterior Corticospinal Tract, the Reticulospinal Tract and the 
Vestibulospinal Tracts were involved in such coordination process (Ernest W. 
April, 1997). Therefore, anterior compression created direct compression over 
the Anterior Column. If the compression was severe enough to affect the 
branches of the posterior spinal arteries in supplying the posterior one-third of 
the spinal cord (Richard S. Snell, 1980), then the ischemic symptoms of the 
Dorsal Column would be resulted. In such severe condition, the development of 
the 'Muscle Spasticity' and ‘Uncoordinated Voluntary Movement，followed by 
the deficiency in 'Proprioceptive Sense' was expected (Mary P. Galae et al., 
1997). 
In this study, the subtests 2, 4, 5, 6 and 7 of the Jebsen Hand Function 
Test were used to evaluate the manual dexterity with subtest 2 and 4 as the most 
complex tasks. The subtest 2 (Card Turning Test) and subtest 4 (Simulated 
Feeding Test) involved more than one plane of motion i.e. with an additional 
rotational movement of the forearm. The spinal cord compression presented 
with a significant relationship with the sub-test 2 and 4 in the result of both 
hands only. As it was mentioned previously, all subjects were right hand 
dominant and with bilateral involvement, but they still could use the dominant 
hand well in the manual tasks in comparison with the non-dominant h a n d . 
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The Card Turning Test and the Simulated Feeding Test by spoon 
involved the additional coordination of the proximal and distal radio-ulnar joint 
in supination and pronation, therefore the complexity of the task was increased. 
As Sabine described in 1999，the function of the dorsal column was crucial in 
the multijoints movement than the simpler one. It implied that the more the 
joints involved in the action, the greater the demand of the coordination 
required in such tasks. Therefore, if the smoothness of the movement was 
affected by the spasticity and deficiency in motor control, then the difficulty 
would be increased spontaneously. As the Posterior Column was responsible for 
the transmission of the proprioceptive information for the regulatory control 
from the Anterior Column, therefore the sagittal compression played a very 
important role in the performance of Manual Dexterity. 
Mary P. Galae in 1997 had studied on the monkey with cervical spinal 
cord lesion and stated that persistent and preferential use of the hand 
contralateral to the lesion, i.e., the affected side. Although the cord compression 
limited the rate of transmission of the sensorimotor information, compensatory 
changes were present in the simpler reach-and-retrieve voluntary manual tasks 
but not for those depended on the very rapid, sequential transmission of 
information from the cortex that determined the required independent 
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movements of the digits. The compensatory change was partially due to the 
learnt skills and shaped by using the preferred hand before the lesion. Another 
reason was the neuronal changes in the spinal cord which activated by the 
greater use of the circuitry intrinsic to the spinal cord caudal to the lesion and 
which increased the contribution of the spinal cord in the execution of the 
simpler voluntary manual dexterity (Mary P. Galae, 1997). Therefore, this study 
also demonstrated a better function of the affected dominant hand. 
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Chapter Five 
Summary and Conclusion 
In this study 25 Cervical Myelopathy subjects who have no previous 
surgery on the site of lesion and no peripheral neuropathy. These subjects were 
assessed with the Magnetic Resonance Imaging, Somatosensory Evoked 
Potential, JOA Score, Jebsen Hand Function Test and the Purdue Pegboard 
Test. 
Table 3-1 summarized that the commonest location of the cervical cord 
compression was at C4/5. Among the subjects, the severely involved cases with 
Posterior Column involvement were fallen into this group. The stenotic physical 
dimension of the spinal cord and spinal canal of the severe cases were shown 
clearly in Tables 3-2 and 3-3. 
The mean cord and canal sagittal diameter of the severe group of subjects 
were 3.22mm and 4.53mm respectively; these sagittal diameter were significantly 
smaller in compared with the normal Asian value. The mean cord and canal 
transverse diameter were 12.14nim and 19.31mni. The results showed that the 
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transverse diameter of the cord was increased on compression due to the intra-
cord pressure caused by expansion; while that of the canal was decreased due to 
the degenerative changes around the spinal structures. The mean cord and 
canal compression ratio were 30.23% and 23.60%. The results showed that the 
compression ratio of the cord and canal were far below the normal values of 
57.73% and 51.04% respectively. The mean transverse area of the canal was 
85.01 sq. mm while that of the cord was 49.18 sq. mm. The transverse area of 
the canal had a greater change of more than 100% difference with the Asian 
norm and that of the cord was only about 22%. All the above measured 
dimensions of the spinal cord and canal were having a significant relationship 
with the upper limb and hand functions, except the “transverse diameter of the 
spinal canal" and the “compression ratio of the spinal cord". 
The absolute latency of the Somatosensory Evoked Potential of the 
median nerve transmission over the left hand side was ranging from IT.lOmsec 
to 30.10msec, while that over the right hand side was lied in the range from 
17.10msec to 31.10msec. The mean absolute latencies of those severe subjects 
with Posterior Column involvement were 24.69msec. on the left hand side and 
24.66msec. on the right side which were exceeded the normal uppermost value of 
22.1msec. The absolute latencies were also having a significant relationship with 
the change of the "spinal cord transverse area，，. It was obviously verified that 
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the Posterior Column of the spinal cord was the crucial area for the transmission 
of the SEP as stated in 1989 by Chiappa. 
In the functional aspects, a meaningful and significant relationship was 
proved between the severe spinal cord compression at the cervical region and the 
deficiency in the performance in the Jebsen Hand Function Test including the 
Card Turning Test, Small Objects Pinching Test, Simulated Feeding Test, 
Checker Stacking Test, Heavy Large Object Picking Test. 
In conclusion, the cord compression in the sagittal plane was the 
commonest deformation in Cervical Spondylotic Myelopathy. The most 
fundamental component of the cord compression was the "Sagittal Diameter of 
the spinal cord，，which affect the Fasciculus Gracilis and Cuneatus, the Posterior 
Column which conveyed the sensory information from the peripheral to the 
somatsensory cortex of the brain. The Posterior Column function was 
demonstrated to have a greater impact on the hand function than the Anterior 
Column function which was responsible to motor regulatory control and 
coordination. In other words, the hand function was greatly depending on the 
"Sensory Pathways" and if problem obtained in the sensory input system, then 
the whole process of the sensory input as well as the motor output would be 
affected. 
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In such case, results of the Somatosensory Evoked Potential and the 
Jebsen Hand Function Test were good predictors of the degree of compression in 
the cervical spinal cord. Therefore, the degree of compression was determining 
the severity of the Myelopathy which affected the sensory and motor function 
and led to the deficiency in Physiological and Functional deficit in the Activities 
of daily living which required the motor coordination of the upper limbs. 
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Chapter Six 
Further Studies 
6.1 Modification in the Sample Recruitment 
In this study, the sample size was only 25 that was rather small because 
the criteria was too restricting and the pool of subjects was very small. 
Moreover, it was also due to the general public health education is good in Hong 
Kong，therefore the early diagnosis is very usual and subjects with obvious 
clinical symptoms are really difficult to capture in Hong Kong. If the 
recruitment can be extended to the primitive, poverty and rural regions, such as 
China and Vietnam, then sufficient number of subjects with much severe clinical 
symptoms can be recruited due to the lack of health awareness of the citizens in 
those area. With sufficient sample size and significant severity of the clinical 
symptoms, then the result will be much reliable, objective, bias-free and 
presentable. 
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6.2 Modification in Assessment Tools and Procedures 
In the hand function assessment, the result can only be interpreted in 
terms of the speed no matter how abnormal and awkward the performance is. If 
the exact performance movement pattern of the hands and upper limbs can be 
analysis during the test, then physical components of clumsy hand function will 
be identified and addressed more accurately. With the help of the movement 
analysis procedure, not only the speed can be interpreted, but also the range of 
movement, movement sequence and motor control will be included under such 
circumstances. 
With an additional assessment on the muscle activity by 
Electromyography (EMG), the abnormal muscle function, that is the spasticity 
and weakness, can be identified clearly. Then the physical aspect of the hand 
function will be analyzed in more detail and the most crucial deficiency in the 
functional performance can be addressed. 
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